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Abstract 
Bioassays were carried out to consider the relative effect of barley and rice straw 
extracts on the growth of 12 problematic freshwater algae. The laboratory results 
demonstrated that growth of Microcystis aeruginosa; Aphanizomenon flos–aquae, 
Anabaena flos–aquae, Synura petersenii, and Dinobryon sertularia were all inhibited, 
whereas Oscillatoria tenuis, Asterionella formosa, Spirogyra sp., and Hydrodictyon 
reticulatum grown were stimulated by the barley straw extract. No significant effect 
was also found on the growth of Chlorella kessleri, Scenedesmus subspicatus, and 
Navicula pelliculosa. 
On the other side, the presence of rice straw extract was inhibited the growth of 
Microcystis aeruginosa; Aphanizomenon flos–aquae, Anabaena flos–aquae, Synura 
petersenii, Dinobryon sertularia, Oscillatoria tenuis, and Asterionella formosa. In 
contrast, rice straw liquor has provoked the growth of Hydrodictyon reticulatum and 
Navicula pelliculosa, although its effect wasn’t significant on Spirogyra sp., Chlorella 
kessleri, and Scenedesmus subspicatus grown when results compared to the controls. 
Two investigations were simultaneously conducted to consider the probable 
effect of barley and rice straws on the survival of Daphnia magna and 
Hypophthalmichthys molitrix as non–target organisms. The results exhibited that 
toxicity of individual extracts to these non–target organisms were too higher than the 
amounts suggested for constant controlling of algae and cyanobacteria under both 
laboratory and field condition in present and previous studies. 
Field trial had also established to assess the efficacy of barley straw on natural 
algal assemblage. The findings exhibited an overall reduction of algal biomass in both 
barley straw treatments (400 and 800 kg ha−1) compared to the controls as well as a 
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shift in algal composition from cyanobacteria to diatoms. In both 400 and 800 kg ha–1 
rice straw treatments, Chl a levels reached to similar values of control and remained 
stable until August when a small second period of growth was evident. There was no 
significant difference between the rice straw treatments. The present investigation 
suggests that application of agricultural straws could be an alternative method to 
control of nuisance algae in freshwater systems. However, the efficiency of this 
approach depends on many factors and cannot be taken as a universal tool to be 
applied in all aquatic ecosystems affected by intensive growth of algae and 
cyanobacteria. 
Keywords: Algae, Cyanobacteria, Control, Decomposition, barley straw, Rice straw. 
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1. Introduction 
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Aquaculture is one of the main fast growing animal food division (FAO, 2007), and 
cultured fish supply now provides over 13% of the animal protein intake for the 
human population (WHO, 2007). As catch rates of wild fisheries have leveled off 
since the 1970s, aquaculture farming has grown to offset the increased demand. This 
increased demand has pushed aquaculture from extensive culture, in which growth of 
cultured species is supported by the natural productivity of the water body (at times 
stimulated with fertilizer additions), towards intensively operated production systems 
such as high–density ponds and pens (Seginer & Halachmi, 2008). 
One of the most difficult challenges facing commercial fish production complex 
is constant balancing act required to maintain a stable relationship among the water, 
fish, and microscopic flora and fauna in their pond systems. Into the nature, where 
densities of fish and other living organisms are low, complex ecological systems 
maintain this delicate balance to prevent explosive shifts in populations and their 
negative effects on the total system. In commercial fish production ponds, however, 
natural carrying capacities are greatly exceeded and a heavily laden artificial ecology 
is established among the various organisms and the environment in which they live. 
Intensive aquaculture requires high stocking densities and supplemental foods to 
achieve high productivity per unit water volume, commonly resulting in eutrophic to 
hyper–eutrophic conditions (Nixdorf et al, 2003; Zimba & Grimm, 2003). 
Unfortunately, there is not enough knowledge about many dynamics of commercial 
pond systems to understand how best to manage them. 
One of the most important primary components of the ecosystem in a fish 
production pond is algae. The term of algae has been the subjects of scientific and 
social interest for centuries and used in a broad sense, referring to a loose group of 
organisms that have all or most of the following characteristics: aquatic, 
photosynthetic, simple vegetative structures without a vascular system, and 
reproductive bodies that lack a sterile layer of protecting cells. As such, algae are no 
longer regarded as a phylogenetic concept, but still represent an ecologically 
meaningful and important collection of organisms that both prokaryotic (cells that 
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have no membrane–bound organelles) and eukaryotic taxa (cells with organelles) are 
included. 
Algae most commonly occur in water, be it fresh water, marine, or brackish. 
Nonetheless, they can also be found in every other environment on the earth, from 
those growing in the snow of some American mountains to algae living in lichen 
associations on bare rocks, to unicellular algae in desert soils, to algae living in hot 
springs. In most habitats, they function as the primary producers of the food web. 
1.1. Classification 
No easily acceptable classification system has been defined for all existent algae. It 
could be due to rapid revision of taxonomy at any level followed by every day new 
genetic and ultrastructural evidences. The polyphyletic nature of the algal groups is 
somewhat inconsistent with traditional taxonomic groupings, though they are still 
useful to define the general characters, level of organizations, and the fact that 
taxonomic opinion may change as information accumulates. A tentative scheme of 
classification is mainly based on the work by Van Den Hoek et al (1995) and 
compared with the classifications of Bold & Wynne (1978), Margulis et al (1990) and 
Graham & Wilcox (2000). Prokaryotic members of this assemblage are grouped into 
two divisions: Cyanophyta and Prochlorophyta, whereas eukaryotic members are 
grouped into nine divisions: Glaucophyta, Rhodophyta, Heterokontophyta, 
Haptophyta, Cryptophyta, Dinophyta, Euglenophyta, Chlorarachniophyta, and 
Chlorophyta (Table 1.1). 
1.2. Problems related to the algal growth 
Algae play many important and beneficial roles in freshwater environments. They 
produce oxygen, consume carbon dioxide, act as the base of the aquatic food chain, 
remove nutrients and pollutants from water, and serve as habitat for many other 
organisms in aquatic ecosystems (Howar et al, 2004; Cardozo et al, 2007; Schlacher 
& Cronin, 2007). Thus, a natural balance of species and assemblage functions is 
important for ecosystem health (Spyreas et al, 2009). However, increases in algal 
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biomass and shifts in species composition can cause problems in many ecosystem 
services by causing taste and odor problems in water (Small & Prescott, 2005; Smith 
et al, 2008), toxic algal blooms (Davis et al, 2009; Hudnell et al, 2010), and low 
dissolved oxygen levels (Sehnert & Lindenschmidt, 2009).When we refer to the kinds 
of problems that algae make in freshwaters, it is helpful to divide algae into two main 
groups based on their growth habits including microscopic algae and filamentous 
mat–forming algae; which each group poses its own unique problems to aquatic 
systems. 
Table 1.1. Classification scheme of the different algal groups. 
Kingdom Division Class 
Prokaryota  Cyanophyta Cyanophyceae 
 Prochlorophyta  Prochlorophyceae 
Eukaryota Glaucophyta  Glaucophyceae 
 Rhodophyta  Bangiophyceae 
  Florideophyceae 
 Heterokontophyta  Chrysophyceae 
  Xanthophyceae 
  Eustigmatophyceae 
  Bacillariophyceae  
  Raphidophyceae 
  Dictyochophyceae 
  Phaeophyceae 
 Haptophyta  Haptophyceae 
 Cryptophyta  Cryptophyceae 
 Dinophyta Dinophyceae 
 Euglenophyta  Euglenophyceae 
 Chlorarachniophyta  Chlorarachniophyce 
 Chlorophyta  Prasinophyceae 
  Chlorophyceae 
  Ulvophyceae 
  Cladophorophyceae 
  Bryopsidophyceae 
  Zygnematophyceae 
  Trentepohliophyceae 
  Klebsormidiophyceae 
  Charophyceae 
  Dasycladophyceae 
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1.2.1. Microscopic algae 
Any discussion of bloom–forming algae starts with the cyanobacteria 
Microcystis, Anabaena, and Aphanizomenon. Blooms of these prokaryotic organisms 
give a characteristic green or yellow–green color to water. Under static conditions like 
ponds, they rise to the surface and form very distinctive films and windrows of 
greenish scum (Fig. 1.1). In addition to being indicators of nutrient–enriched waters, 
the presence of cyanobacterial blooms is a very visible symptom of deteriorated water 
bodies. Population crashes (death) and the microbial decomposition of cyanobacterial 
cells result in the depletion of dissolved oxygen which could can cause fish kills in 
bodies of water as small as ponds (San Diego–McGlone et al, 2008) or as large as 
Lakes (Chen et al, 2010). 
 
 
Fig. 1.1. A surface scum formed by a cyanobacterial bloom of Microcystis.  
Crashes of cyanobacterial blooms have another adverse effect on the 
aquaculture industry. A fish kill in 8.9 ha aquaculture ponds caused by the die–off of a 
cyanobacterial bloom taking with oxygen depletion that killed 6,800 kg of catfish. On 
2007 market value, the loss would have been worth between U.S. $11,000–19,000 
(Martill et al, 2008). 
From an economic standpoint, production of taste and odor in surface water 
supplies is the most important problem caused by algal blooms (Tucker, 2000; Davies 
et al, 2004). The cyanobacteria (Microcystis, Anabaena, Aphanizomenon, and 
Pseudanabaena) and the golden flagellates (Synura, Mallomonas, and Dinobryon) are 
common causes of taste and odor in water supplies, but diatoms, dinoflagellates, and 
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even some green algae have also some potentials (Bett et al, 2000; Soininen, 2007). 
The tastes and odors problems of cyanobacterial blooms are made by two compounds: 
2–methylisoborneol (2–MIB) at concentrations greater than 12 mg l–1 and geosmin at 
concentrations greater than 7 mg l–1 (Jüttner & Watson, 2007). 
The other major taste and odor problem of cyanobacterial blooms is off–
flavors in the flesh of aquaculture–produced animals (Rajbandari, 2003; Schrader, 
2003, Grimm et al, 2004). Some of the causative algal genera are Lyngbya, 
Oscillatoria, Aphanizomenon, Anabaena, and Phormidium. In a general manner, once 
fish have been tainted, they must be moved to clean water for several weeks so the 
off–flavor can dissipate before they are marketed (Olson et al, 2001; Gribovskaya et 
al, 2009). The harvest and transport of the fish to a new site for cleansing are 
expensive and laborious. Off–flavor problems have been estimated to add U.S. $50 
million each year to the cost of producing catfish in the United States (Schrader, 
2003). 
Various cyanobacteria such as Anabaena, Aphanizomenon, Microcystis, 
Cylindrospermopsis, Nodularia, and Oscillatoria genera produce toxins which are 
harmful to humans and animals. There are many reported instances of livestock, pets, 
and wildlife that have died after drinking rancid water (Zimba et al, 2001, Mohamed 
et al, 2003; Kankaanpää et al, 2005; Zimba et al, 2006). Nonetheless, the main 
unpleasant effects of cyanobacterial blooms to humans have been limited to forms of 
dermatitis and irritation of the mucous membranes. Some evidences show that human 
gastrointestinal disorders were associated with consumption of contaminated waters to 
cyanobacterial in reservoirs (Codd, 2000; Lahti et al, 2002). Cyanobacteria toxins 
were also implicated in the deaths of 26 people in Brazil when polluted water was 
used for hemodialysis (Ibelings & Chorus, 2007). 
Algal blooms can have unfavorable impacts on the health of organisms other 
than fish and humans. High nutrient concentrations in the water column make algal 
blooms, which reduce light penetration. Light reduction can severely limit the growth 
of submerged vascular plants (Ivanov et al, 2008), decreasing habitat and shelter 
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available for fish and fish food organisms. As a result, the most eutrophic lakes are 
those that are dominated by bloom–forming algae, with little or no submersed 
vascular plant production (Wetzel, 2001). 
In addition to loss of habitat, cyanobacterial blooms may cause a loss of 
system–level productivity. Some cyanobacterial species have allelopathic influences 
to other algae that are considered to be food sources of zooplankton (Schagerl et al, 
2001; Pflugmacher, 2002), whereas they themselves are not considerably grazed by 
zooplankton (it is also one reason which they can dominate aquatic systems). 
Cladoceran populations (e.g., Daphnia) decline or disappear when cyanobacteria, 
particularly the filamentous forms, predominate. The major reason for lack of 
predation appears to be a mechanical interference with feeding when the filamentous 
forms accumulate in the filtering apparatus (Komárek et al, 2003). As the filament 
densities of Aphanizomenon, Anabaena, Oscillatoria, and Lyngbya increased, the 
larger cladocerans filtered at lower rates, rejection rates enlarged, and brood sizes 
decreased (Korovchinsky, 2000). As few as 50 cyanobacterial filaments per ml of 
water have an adverse effect on zooplankton feeding rates (Liu et al, 2006). The 
presence of filamentous cyanobacteria can cause a shift from large–bodied to small–
bodied zooplankter, which feed on other materials such as small algae, bacteria, and 
organic debris. Some evidence suggests that the unwanted effect of cyanobacteria on 
cladocerans also is due to their toxins (Agrawal et al, 2005; Nogueira et al, 2006; Liu 
et al, 2006). 
1.2.2. Macrophytic filamentous algae 
The problems of macrophytic filamentous algae in aquatic systems are 
primarily due to their ability to form large mats (Fig. 1.2). These algae are typically 
found in shallow water where they may be free–floating (e.g., Spirogyra and 
Hydrodictyon) or attached (e.g., Cladophora, Ulothrix, Stigeoclonium, and 
Oedogonium) to substrata, either living (plants and other algae) or non–living (rocks, 
cement linings, and sediments). The free–floating forms are generally restricted to 
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static waters such as ponds and the sheltered littoral zones of lakes. Attached forms 
occupy a much wider range of habitats. 
The genera listed above are all green algae, whereas filamentous cyanobacteria 
can also form free–floating mats. The filament cells of Lyngbya wollei are quite large 
(cell diameter: 25–64 µm, length: 2–11 µm) for a cyanobacterium and the dimensions, 
coarseness, and even color (dark green) of the filaments may cause the untrained 
observer to think that they are handling a filamentous green alga (Falconer & 
Humpage, 2006). These mats are dense and can completely cover ponds and shallow 
areas of lakes. Many species of Oscillatoria form benthic mats that break free from 
the bottom and float to the surface (Fig. 1.2), when gas bubble accumulation dislodges 
the mats (Halfen & McCann, 1975). These growths are typically dark blue–green to 
black in color and have quite slimy appearance. The mats are often coated with 
sediments that were deposited on them while they were still associated with the 
bottom substratum. 
 
 
Fig. 1.2. Filamentous algal mats (Spirogyra & Oscillatoria) causing obvious aesthetic problems in a lake. 
Excessive growths of mat–forming algae, either alone or in combination with 
aquatic vascular plants, impair recreational activities such as swimming, fishing, and 
boating. Swimming beaches fouled with algal mats are not only unappealing but also 
hazardous when ladders, rocks, and submerged concrete are coated by slime–
producing species such as Spirogyra and cyanobacteria. Cladophora growths in the 
Great Lakes were noted as posing a potential danger to young and inexperienced 
swimmers who might become entangled in the mats and drown (Higgins et al, 2005; 
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Mohan et al, 2007). There is some evidence that mat–forming cyanobacteria also 
produce toxins similar to those produced by the planktonic species (Seifert et al, 2007; 
Herry et al, 2008; Aráoz et al, 2009). 
Macrophytic algae restrict and greatly reduce the efficiency of culture and 
harvest activities in fish culture ponds (Wilson et al, 2007). They may compete with 
phytoplankton, thus reducing the base of the aquatic food chain. Although reports 
implicating macrophytic algae as direct causes of fish kills are few (Choo et al, 2004), 
excessive algal growth must add to the oxygen deficits that result from respiration of 
submersed plant growth or phytoplankton at night, during periods of cloudy weather, 
or under snow–covered ice. Fish kills in ponds that are dominated by filamentous 
algae aren’t common. Oxygen deficits can be stressful to fish in other ways by 
causing declines in food consumption and growth or by making them more prone to 
bacterial infections. 
Cladophora, Stigeoclonium, Oedogonium, and Ulothrix have been cited as 
presenting serious problems in irrigation canals because of their ability for attaching 
to concrete canal linings and reducing both flow rate and capacity. Cladophora can 
become associated with beds of pondweeds (Elodea spp.) and coontails 
(Ceratophyllum spp.), which increases resistance to the flow rate of water (Mäemets 
et al, 2010). 
The impacts of filamentous algae on the dynamics of food webs in natural 
systems have not been well documented and most studies have been focused on 
Cladophora. For example, Cladophora is not a major food source for the 
invertebrates or fish that live in lakes (Higgins et al, 2006), although it is grazed by 
fish in river systems (Liping et al, 2007). Dense growths of Cladophora were reported 
to reduce invertebrate diversity and have disrupted shoal spawning by walleye, 
whitefish, and lake trout in the Great Lakes (Berezina & Golubkov, 2008). 
Filamentous algal mats compete with submersed vascular plants for space and light. 
Examples include the replacement of angiosperms such as Najas by Spirogyra 
(Tessier et al, 2007), diverse macrophytes by Cladophora glomerata (Bolas & Lund, 
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1974), Elodea by Spirogyra (Choo et al, 2004), and Potamogeton pectinatus by 
Cladophora (Coyner et al, 2001). Vis et al (2006) suggested that replacement of 
submersed vascular plants in lakes undergoing eutrophication might be due more to 
the shading by epiphytic and filamentous algae than to phytoplankton. 
The diversity among filamentous algae, for example, the sliminess of 
Spirogyra (which appears to prevent colonization by periphyton) in contrast to the 
thick cell walls of Cladophora (which provide an excellent substratum for 
periphyton), the summer domination by Pithophora in contrast to the spring/fall 
distribution of Cladophora, and the net–like habit of Hydrodictyon or unbranched 
habit of Spirogyra in contrast to the branched habit of Cladophora, suggests that 
much remains to be learned about the micro–niches that these algae make available to 
invertebrate and fish communities and their impacts on food webs of static freshwater 
systems. 
1.3. Mitigation and control of algae 
Management practices for nuisance algae are divided into two major 
categories: nutrient manipulation and direct control techniques. Nutrient 
manipulation, particularly reduction of nutrient inputs, should be viewed as the best 
approach for long–term control of algal problems. However, there are situations for 
which significant nutrient reduction is impractical or ineffective. Direct control of the 
algal biomass under these conditions may be the only alternative available. However, 
these kinds of control methods should only be viewed as temporary solutions and 
coupled with longer–term strategies for reducing nutrient inputs. 
1.3.1. Nutrient manipulation 
It has long been known that inputs of nutrients, particularly phosphor (P) 
stimulate algal growth (Nõges et al, 2003). The positive relationship between 
chlorophyll a concentrations (or shallower Secchi disk transparencies) and total 
phosphor (TP) is a commonly used tool to predict water quality and trophic status 
(Vollenweider, 1969; Dillon & Rigler, 1974; Dillon et al, 1988). There are two 
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general approaches for achieving P reduction: decrease external P loading and 
suppress internal P loading. External inputs of P can be decreased with diversion and 
advanced wastewater treatment, with detention basins and wetlands, and by the 
initiation of other watershed management techniques. 
In many situations, reduction of external P loading doesn’t reduce algal 
growth. This is particularly true in the water resources like ponds where most of the 
phosphorous loading to the photic zone is from internal sources. On the other hand, 
significant quantities of phosphor can be released from the sediments of the ponds and 
reach to the photic zone (Straškraba & Tundisi, 1999; Ke et al, 2007,). Therefore, 
reduction of external P loading may not have much of a short–term impact on 
phytoplankton growth in these sites. Resuspension of sediments is considered as a 
potential source of nutrients for phytoplankton production in many ponds. Therefore, 
steps to reduce internal P cycling in many of these reservoirs may be more effective in 
reducing algal growth than the diminution of external P inputs. The methods used to 
reduce internal P loading are included chemical treatment with alum, the removal of 
sediments by dredging, and aeration. 
1.3.1.1. Alum 
Alum1 is used to lower phosphate availability through P precipitation and to 
retard P release from the sediments (P inactivation). When added to water, alum and P 
form aluminum phosphate and a colloidal aluminum hydroxide floc to which certain P 
fractions are bound (Welch & Cooke, 1999). The floc settles to the sediment and 
continues to absorb and retain P within the lattice of the molecule, thereby preventing 
further release of Phosphor. Whereof severe shift in pH can be detrimental to fish 
populations, sodium aluminate (NaAlO2), which is a good buffering material, is added 
to alum treatments to maintain pH values between 6 and 8. Consequently, Alum is not 
recommended for use in waters with an acidic pH or low alkalinity because of the 
potential for aluminum toxicity to fish at pH values below 5.5. Iron salts can also be 
                                                 
1 Al2(SO4)3 
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used to inactivate P and treatments with calcium salts (Ca(OH)2 and CaCO3) have 
successfully reduced P loading from bottom sediments in Canadian lakes (Lewitus et 
al, 2004). 
Factors that can lead to failure of an alum treatment include continued high 
external P loading and recycling from senescing rooted macrophytes or from 
macrophytes that expand their range due to improved water clarity (Estrada et al, 
2009; Welch & Cooke, 1999). There is also evidence that cyanobacteria newly 
recruited from the sediments can transport P into the water column, even in alum–
treated reservoirs (McGregor, 2002). 
1.3.1.2. Dredging 
Dredging offers a more permanent solution to internal P loading in shallow 
waters than alum treatment by removing the sediments, the actual source of the P 
loading, from the system. However, this method is much more expensive than alum. 
According to Cooke et al (1993), dredging costs nearly 30 times more than alum 
initially, although the cost differential is only 5 times greater if totaled over a 50 long 
term (repeat alum treatments every 10 years). 
1.3.1.3. Aeration 
Phosphor is released from sediments under anoxic conditions. The function of 
aerators (other than to improve habitat for fish) is to oxygenate the water column, or 
portions of the water column and the upper layers of the sediments, thereby 
preventing the occurrence of low–O2 conditions. In theory, oxidized forms of 
phosphor are not released into the column of water to encourage phytoplankton 
blooms. 
There are two major methods for aerating of the ponds. The first is artificial 
circulation which oxygenates the whole water column (Pawar et al, 2009). Air is 
pumped from a compressor on shore through a tube to a weighted diffuser unit that is 
placed on the bottom. Air bubbles pass through diffusers into the water and are often 
visible as a surface boil. This method destroys or prevents thermal stratification; 
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therefore, it is not feasible in sites where deep cold water is necessary to maintain 
coldwater fish populations. It is, however, a good solution to potential oxygen 
depletion problems for warm–water fish species. 
The second method is hypolimnetic aeration. This method maintains 
stratification because the water is removed from the hypolimnion, oxygenated at the 
surface, and then returned to the bottom. Hypolimnetic aeration is used for deep ponds 
to overcome anoxia, improve coldwater fisheries habitat, and control sediment P 
release. However, the impacts of either aeration methods on algal blooms have been 
difficult to document. Besides, there is presently no evidence to suggest that aeration 
has an impact on filamentous algae (Martins et al, 2004). 
1.3.2. Direct control methods 
The goal of direct control methods is to remove the algal biomass as quickly, 
efficiently, and cost effectively as possible. The efficacy of direct control methods 
often causes the user to overlook the need to initiate a long–term nutrient management 
program. Certainly direct control techniques have their place in an overall 
management plan, but they should not be viewed as the only approach to solving 
noxious algal blooms or extensive filamentous algae mat growth. The major methods 
for direct control of algal biomass are harvesting, biomanipulation, biological 
controls, allelochemicals, and application of algaecides. 
1.3.2.1. Harvesting 
Harvesting methods can range from hand–pulling or raking to use of large 
mechanized harvesting equipment. The vegetations are gathered and preferably 
moved away from the site so that it cannot wash back into the water. This is obviously 
not a technique to remove phytoplankton, but it can be used with some success for the 
removal of floating filamentous algal mats (Drábková, 2007). 
Hand harvesting or raking of filamentous algal mats is considered difficult 
because their fragment could growths more easily. The tremendous amounts of 
biomass (and associated water) make hand labor exhausting and time–consuming. 
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Harvesting sometimes is encouraged prior to algaecide treatment. This is particularly 
true in late summer when large amounts of mat material have accumulated. The death 
of an excessive amount of biomass can lead to oxygen depletion and fish kills. 
Removing at least some of the biomass prior to treatment can help prevent severe 
oxygen depletion situations. 
Some evidence suggests that populations of phytoplankton scum and 
filamentous mat–forming algae can increase after intensive mechanical harvesting of 
submersed vascular plants (Champion et al, 2002). Although the increases have not 
been clearly associated with harvesting, the opening up of areas to light and the 
potential increase in nutrients after harvest may make algal growth more likely to 
occur. 
A major consideration in harvesting is to ensure that the collected vegetation 
does not wash back into the body of water. Even though it may appear that algal mats 
have dried out in expose to the air and sun, the underlying portions may still be viable. 
1.3.2.2. Biomanipulation 
One another method of controlling algal blooms is through biomanipulation. 
The classical view of biomanipulation is the reduction of planktivorous fish, which 
results in higher densities of herbivorous zooplankton and consequently lowered 
densities of algae due to zooplankton grazing (Paller, 2005). However, the ability of 
natural zooplanktonic populations to control of phytoplankton is still under debate, 
especially in the water dominated by algal blooms (Xie & Liu, 2001; Ke et al, 2009). 
1.3.2.3. Biological controls 
Biological control of algae through introduction of suitable herbivorous fish 
has been one of the most environmentally sound management propositions recently. 
The large filter–feeding fish including silver carp (Hypophthalmichthys molitrix), 
bighead carp (Aristichthys nobilis), and tilapia (Tilapia spp.) are the attractive 
candidates for bio–control of planktonic communities to eliminate populations of 
algae and cyanobacteria (Turker et al, 2003; Chen et al, 2007). This strategy is 
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effective especially under eutrophic or hypertrophic conditions where the 
phytoplankton community is dominated by colonial species and the zooplankton 
community is dominated by microzooplankton (Fukushima et al, 1999; Xie & Liu, 
2001). 
However, the most successful and widely used biological control agent for 
aquatic vascular plants and some algae has been the grass carp (Ctenopharyngodon 
idella), although its effectiveness for the control of filamentous algal mats is less 
clear. The utilization of plant materials by the grass carp is poor and a large 
proportion of the nutrients originally bound up in aquatic plants are released back into 
the water from its excrements (Pípalová, 2002). This can cause an unwanted increase 
in the biomass of algae and changes in the physical and chemical water conditions 
(Pípalová, 2002; Da Silva et al, 2006). Recommended stocking density of 2 years 
grass carp for weed control is between 150–250 kg ha−1 in the temperate zone 
(Hutorowicz & Dziedzic, 2008). When a higher stocking density of grass carp is 
applied, the results of biomanipulation is better but, unfortunately, stronger indirect 
negative effects occur as well. In mixed populations of vegetation, grass carp will 
clearly consume soft–bodied vascular plants such as pondweeds, Elodea, Naiads, and 
Chara in preference to filamentous algae. When filamentous algae are the only plant 
material present, grass carp will feed on it, probably to avoid starvation. 
1.3.2.4. Allelochemicals 
Allelopathic compounds are chemicals produced by plants that have either an 
adverse or beneficial effect (usually adverse) on other plants (Gross, 2003). Although 
this area has not received much attention in controlling nuisance algae, there are 
evidences that allelochemicals may be useful. In higher plants, several hundred 
organic substances have already been isolated and identified as Allelopathic 
components (Legrand et al. 2003). Some cyanobacteria have also been investigated 
for their potential to produce allelochemicals that inhibit the growth of other 
cyanobacteria or algae (Berry et al, 2008; Grane et al, 2008). 
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Although algicidal potential of allelochemicals have been identified, the major 
constraint to further development is the expense of culturing the organisms and 
extracting sufficient amounts of the allelochemicals for application. An alternative is 
to synthesize the active chemical, but this is also costly, particularly in view of the 
relative cheapness and availability of other products such as copper sulfate. Thus, the 
financial incentive to develop of these compounds for the aquatic market is lacking. 
1.3.2.5. Algaecides 
A common method to control of algal infestations is the use of chemical 
substances (algaecides). Of the algaecides, copper sulfate (CuSO4) is the most widely 
used to inhibit algal populations in water supplies and reservoirs (Schrader & Tucker, 
2003; Chen et al, 2009). However, chemical compounds such as this should be used 
for the control of algae if a quick–fix solution is required. Often, the problem will 
reoccur when the chemicals have been washed out of the system. Since most of the 
appropriate herbicides kill other plants they tend to remove a lot of the vegetation, 
leaving a bare habitat (Etchegaray et al, 2004). The first plants to recolonise are 
usually algae and, often, the new problems will be worse than the previous problem 
which was treated. Some algae can also become resistant to herbicides if they are used 
too often. Application of chemicals for algal control is suitable to clear an area of 
water quickly. They are also useful as the first part of an integrated management 
regime for algae. The problem can be removed quickly after use of chemicals in the 
first instance, followed by environmental management techniques to reduce the 
potential for recolonisation of algae. There are also several disadvantages of 
chemicals application. Professional herbicides which kill algae are non–selective and 
will kill other desirable plants. Amateur products often contain copper compounds 
which can be harmful to fish if over–applied. 
1.3.3. Agricultural straws 
One of the methods which have been widely used for the control of algae 
during two past decades is application of agricultural straws especially barley straw. 
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The algal–inhibiting properties of decomposing barley straw were first reported by 
Welch et al (1990)1. Barley straw after 8–10 weeks of aerobic decaying in the water 
released compounds that inhibited the overall growth of algae. In the following 
studies, the effects of the barley straw on the growth of algae and cyanobacteria have 
been observed in laboratory tests or reservoir applications (Newman & Barrett, 1993; 
Everall & Lees, 1996; Harriman et al, 1997; hUallach & Fenton, 2010). Barley straw 
was also successfully used in drinking water supplies with positive results even in the 
long–term study (Barrett et al, 1996, 1999). Besides, Inhibitory effect was 
demonstrated using barley straw extract. The extract made from decomposed straw 
containing high lignin content effectively inhibited the growth of algae such as 
Microcystis aeruginosa (Ball et al, 2001) and Scenedesmus subspicatus (Murray et al, 
2009). 
The most extensive use of this byproduct was in the British Isles (Ridge & 
Pillinger 1996; Barrett et al, 1999; Caffrey & Monahan, 1999; Harriman et al, 1997; 
Welch et al, 1990). These Studies illustrated that the presence of barley straw in 
quantities ranging from 2.5 to 1000 g m−3 (dry weight) can reduce the total algal cell 
count by 50–95%. Many of the published accounts report consistent success in 
preventing nuisance algal blooms where previously such blooms were a regular 
occurrence (Barrett, 1994; hUallach & Fenton, 2010). This success has been achieved 
as long as six years in a row, with no appearance of resistant algae or any other 
conspicuous change in the species of algae occurring subsequent to application 
(Barrett et al, 1999). No problems of taste or odor were reported in drinking water 
supplies treated by barley straw; indeed these problems may be ameliorated by the 
reduction in algal blooms (Everall & Lees, 1997; Barrett et al, 1999). 
On the other hand, when barley straw has been used in North America, its 
success in controlling of algal assemblage has not been so consistent, although 
reasons of this difference are not clear (Nicholls et al, 1995; Lembi, 2001; Boylan & 
                                                 
1 In 1980, a farmer in London accidentally spilled barley straw into a lake and noticed less algae since 
farmers have applied straw to ponds to reduce algal growth. 
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Morris, 2003). However, the achievement of the method depends on a number of 
factors including adequate straw dosage, proper positioning of the straw in the body 
of water, adequate aeration of the straw, sufficient water circulation, and perhaps the 
type (cultivar) of barley used and the conditions under which the barley was grown 
(Lembi, 2002). Nevertheless, there are numerous products containing barley straw or 
its extract, which are marketed for the control of algae and cyanobacteria in 
ornamental ponds and water features. A Google internet search conducted on 
February 24, 2010 using the keywords “control of algae using barley straw” gave 
94500 hits. Clearly, science is not keeping pace with commerce. 
While the inhibition of algal activity using barley straw can be readily shown, 
the nature of the antialgal activity of rotting straw has yet to be elucidated (Ridge & 
Pillinger, 1996). It has been suggested that the algal inhibitors are, or derive from, 
oxidized lignin (Pillinger et al, 1992, 1994, 1995; Ridge & Pillinger, 1996). An 
alternative hypothesis is that the fungi that are degrading the straw are responsible for 
the production of antialgal products. Although fungi with antialgal properties can be 
isolated from rotting fungi, the general antialgal effects of decomposing barley straw 
are unlikely to be explained by antialgal properties of specific fungi (Pillinger et al, 
1992). 
To explore possible inhibitory effects similar to barley straw on the growth of 
algae and cyanobacteria, other plant materials have been also studied such asaquatic 
reeds (Men et al, 2007; Nakai et al, 2006), poppies (Jancula et al, 2007), Lantana (a 
tropical shrub) (Kong et al, 2006), brown rotted wood from deciduous trees (Ridge & 
Pillinger, 1996), and rice straw extract (Chung et al, 2007; Park et al, 2009). 
Allelopathic substances of these materials especially rice straw could act similarly as 
a biological control in the ecosystem (Inderjit et al, 1995; Gross, 2003), suggesting 
that biomaterials could be used as environment–friendly material to control algal 
blooms. 
To date, several different chemicals have been identified as Allelopathic 
compounds in barley and rice straws which most of them are phenolic compounds 
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(Mattice et al, 1998; Martin & Ridge, 1999; Kong et al, 2002; Chung et al, 2007; Park 
et al, 2009). These phenolic components limit the germination, growth, 
photosynthesis, respiration and metabolism of other plants. Consequently, rice straw 
may exhibit similar inhibitory effects with barley straw on several kinds of algae. 
It has been estimated that straw of the barley and rice constitutes 0.72% and 
0.78% of their whole plants, respectively (Kossila, 1984). These renewable resource 
materials usually burn in the field at autumn which cause atmospheric pollution and 
respiratory diseases in the local population (Torigoe et al, 2000). Therefore, 
eliminating such residues is not only a problem in our region, but in all those areas in 
the world where this cereal is grown. Besides, this habit contributes to CO2 emissions 
on a global scale (Chung et al, 2001). Therefore, the use of Agricultural straws for the 
control of algal blooms may be an attractive alternative way to minimize economic 
costs and use sustainable material from agricultural waste (Fig. 1.3). 
 
 
Fig. 1.3. Agricultural straw and their applications as bale in water reservoir. 
1.4. Review literature 
Barrett et al (1996) treated a potable supply reservoir with a long history of 
diatom blooms in spring and cyanobacterial blooms in summer using barley straw and 
showed that algal numbers started to fall compared to previous years. Cyanobacteria 
have not bloomed and their cell numbers remained low throughout 1993–4. Their 
chemical analysis of water showed that overall concentrations of geosmin and a range 
of other organic molecules remained within acceptable limits during the experiment. 
They discussed that barley straw have potential advantages to use in potable supplies. 
22 
 
Harriman et al (1997) suggest that release of the inhibitory substance in an 
Upland Scottish Loch commenced 6–10 months after placement of the bales and was 
sustained for at least 18 months. The moored bales have also provided a useful 
substrate for benthic invertebrates, acting as a shelter and detritus trap. Algal diversity 
appeared not to be affected by the bales, but the cell numbers of the main species were 
affected according to this study. 
Barrett et al (1999) founded that Populations of cyanobacteria, diatoms and 
unicellular green algae in a potable supply reservoir have been suppressed 
continuously from 1993 by repeated treatments of barley straw. Algal cell numbers 
dropped soon after the straw was introduced and have remained at approximately one 
quarter of those recorded prior to treatment. All types of algae, including diatoms and 
cyanobacteria, have been uniformly affected and no new or resistant species have 
developed. Taint and odor problems in the potable water have been also reduced and 
filters at the water treatment works required less frequent cleaning. 
Martin & Ridge (1999) were conducted bioassays on a range of algae to 
evaluate their relative sensitivities to straw–derived inhibitors. They found a range of 
sensitivities, including some species that were resistant to the straw–derived 
inhibitor(s). A microcystin–producing strain of Microcystis aeruginosa was very 
susceptible to decomposing barley straw. Their bioassays using Euglena gracilis 
suggested that inhibitory compounds are not derived from the photo–transformation 
of straw decomposition products and do not act primarily by inhibiting 
photosynthesis. Their results demonstrate that susceptibility to the barley straw isn’t 
related to general taxonomic or structural features of algae. 
Terlizzi et al (2002) examined growth of dinoflagellates representing three 
orders, the Gymnodiniales, Peridiniales, and the Prorocentrales following treatment 
with barley straw extract. They illustrated that growth responses of selected taxa was 
similar to those reported for freshwater algae including: inhibition (Gyrodinium 
galatheanum, Gymnodinium anguineum, Heterocapsa triquetra and H. pygmaea); 
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stimulation (Gyrodinium instriatum, Prorocentrum minimum and P. micans); and no 
effect (Gyrodinium estuariale, G. uncatenum, Ceratium furca, Peridinium sp.). 
Brownlee et al (2003) conducted a short–term laboratory study to investigate 
the effect of barley straw in controlling several common phytoplankton and 
cyanobacterial species. They founded that barley straw slurry reduced the yield of 
three taxa (Ankistrodesmus falcatus, Chlorella capsulata, Isochrysis sp.) in 
comparison with cultures not receiving the slurry. Although no significant changes in 
growth were detected with three other taxa (Cyclotella sp., Prorocentrum minimum, 
freshwater Pseudanabaena sp.), some patterns indicated potential impacts of the 
barley straw. 
Park et al (2006) represent that growth of Microcystis aeruginosa was 
inhibited by rice straw extract in a range of 0.01 to 10 mg l–1. They expressed that the 
suppressive activity was related to the synergistic effects of various phenolic 
compounds in rice straw. The growth inhibition of M. aeruginosa using rice straw 
may have implied it as a potential biomaterial to control of algae in eutrophic water. 
Ghobrial et al (2007) carried out microcosm experiments using barley straw 
and submerged macrophytes. Their results indicated that principal component in 
barley straw medium accounted for about 47% of the total variance with strong 
correlation between selected parameters and a positive coefficient (r=0.94 and 0.84) 
for diatoms–PO4 and diatoms–SiO4, respectively. Thus, rotted barley straw stimulated 
the growth and dominance of diatoms rather than the green algae throughout the 
incubation period. They found that active biological compounds derived from barley 
straw are more reliable than allelochemicals of aquatic macrophytes. Therefore, 
barley straw would represent more beneficial effects in aquatic environments such as 
ponds, lagoons, aquaria, aquaculture systems and wastewater treatment. More 
aesthetically effects and less maintenance of barley straw in aquatic ecosystems 
illustrate their capability for field manipulation experiments. 
Waybright et al (2008) established a micro–plate assay system using 
Microcystis aeruginosa to isolate and identify the inhibitory components of barley 
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straw extract. According to the used fractionation and partial chemical 
characterization of experimental extract, they suggested that inhibitors are 
polyphenolics with molecular weights between 1000 and 3000 Da. Their fractionation 
by HPLC methods yielded a highly potent multi–compound fraction, showing toxicity 
at 353 mg l−1 and algistatic activity between 11.1 and 3.53 mg l−1. 
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2. Materials and Methods 
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2.1. Extracts preparation 
Barley and rice straw extracts were prepared by decomposing 100 g dried, 
chopped pieces of the straws (about 2 cm lengths) in 5 L reverse–osmosis (RO) water 
at room temperature for sixty days. An aquarium air pump was used to supply 
continuous aeration of the decaying straws. The liquors were then filtered throughout 
a glass–fiber filter (GF/C Whatman) and concentrated to 1 L by lyophilizing in –20 
°C. The prepared extracts were stored in dark at –20 °C before being used for 
bioassays. 
2.2. Algal strains 
The experimental strains of algae and growth media used in the bioassays are 
shown in table 2.1. Algal cultures were obtained from culture collection of algae and 
protozoa (CCAP), Ambleside, UK and Sammlung von Algenkulturen (SAG), 
University of Göttingen, Germany. The species were selected according to the 
previous reports about their management problems and/or affection by decomposing 
barley and rice straws. 
Table 2.1. Growth media and test species selected for bioassay. 
Class Species Growth medium Origin 
Cyanophyceae  Anabaena flos–aquae BG–11 CCAP 1403/13b 
 Microcystis aeruginosa BG–11 CCAP 1450/10 
 Aphanizomenon flos–aquae BG–11 CCAP 1401/1 
 Oscillatoria tenuis BG–11 CCAP 1459/43 
Chrysophyceae  Synura petersenii WC CCAP 960/3 
 Dinobryon sertularia WC CCAP 917/2 
Bacillariophyceae Navicula pelliculosa DM SAG 1050.3 
 Asterionella formosa DM SAG 8.95 
Chlorophyceae  Chlorella kessleri 3N–BBM+V SAG 12.80  
 Scenedesmus subspicatus 3N–BBM+V CCAP 276/20 
 Spirogyra sp. 3N–BBM+V SAG 169.80 
 Hydrodictyon reticulatum 3N–BBM+V CCAP 236/1A 
Stock cultures were prepared by transferring 10 ml of each unialgal culture to 
250–ml sterile flasks containing 100 ml of the relevant medium. The flasks were 
placed under aseptic condition in a growth cabinet at room temperature (20±1 °C) 
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illuminated from above by cool white fluorescent lamps with 12 h : 12 h LD 
photoperiod (120 µmol m–2 s–1 PAR) and shaken daily. As soon as the stock cultures 
showed substantial growth (approximately 7 days), aliquots from them were used to 
initiate bioassays. 
2.3. Growth mediums 
Each algal species has been adapted on their suitable growth medium to obtain 
the best possible performance of control cultures. Both the stock and experimental 
media were prepared freshly from respective dry chemicals and sterilized before they 
were used for experiment. 
BG–11 medium was after Allen & Stanier (1968) and its pH was adjusted 
to 7.1 by 1 M NaOH. Each liter of the medium was prepared by addition of 100.0, 
10.0, and 1.0 ml of stock solutions listed in table 2.4 to 1 L distilled water, 
respectively. The stock solutions were prepared as described below, autoclaved at 121 
°C for 15 min and allowed to cool at refrigerator temperature. 
Table 2.2. Contents of BG–11medium. 
 Component Quantity Used (g l–1)  
Stock solution 1 NaNO3  15.0 
Stock solution 2 K2HPO4 4.0 
 MgSO4.7H2O 7.5 
 CaCl2.2H2O 3.6 
 Citric acid 0.60 
 Ammonium ferric citrate green 0.60 
 Na2EDTA 0.10 
 Na2CO3 2.00 
Stock solution 3 H3BO3 2.86 
 MnCl2.4H2O 1.81 
 ZnSO4.7H2O 0.22 
 NaMoO.2HO 0.39 
 CuSO4.5H2O  0.08 
 Co(NO3)2.6H2O 0.05 
WC medium was based on Guillard & Lorenzen (1972) and buffered to pH 7.2. 
The medium prepared by adding 9 components listed in table 2.3 to 900 ml of 
distilled water as stirring constantly and bringing to final volume of 1 liter by distilled 
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water. The prepared medium was then autoclaved at 121 °C for 15 min, and stored in 
refrigerator temperature. 
Table 2.3. Contents of WC medium. 
 Stock Solution 
(g l–1 dH2O) 
Quantity Used Concentration in Final 
Glycylglycine –––– 500 mg 3.78×10–3 
NaNO3 85.01 1 ml 1.00×10
–3 
CaCl2·2H2O 36.76 1 ml 2.50×10
–4 
MgSO4·7H2O  36.97 1 ml 1.50×10
–4 
NaHCO3  12.60 1 ml 1.50×10
–4 
Na2SiO3·9H2O  28.42 1 ml 1.00×10
–4 
K2HPO4  8.71 1 ml 1.00×10
–5 
Trace metals solution  see following 1 ml ––––––– 
Vitamins solution see following 1 ml ––––––– 
The composition of trace metals solution was (in mg) 20.0 Na2EDTA·2H2O, 
1.3 FeCl3·6 H2O, 2.0 CuSO4·5 H2O, and 2.1 ZnCl2 in 1000 ml of distilled water. 
Vitamins Solution was also prepared by dissolving of 10.0 mg vitamin B12, 
10.0 mg vitamin B1, and 0.002 mg vitamin H (Biotin) in 950 ml of dH2O and brought 
final volume to 1 L with dH2O. 
DM medium was after Tompkins et al (1995) and buffered to pH 8.0. The 
medium prepared by adding 1.0 ml from each stock solution of table 2.5 in 900 ml 
dH2O and its final volume brought to 1 L by dH2O. The prepared medium was and 
autoclaved at 121 °C for 15 min, and stored in refrigerator. 
Table 2.4. Contents of DM medium. 
## Stock solutions in g l–1 final concentration for 1 liter 
1 Ca(NO3)2.4H2O 4.00 g 
2 KH2PO4 2.48 g 
3 MgSO4.7H2O 5.00 g 
4 NaHCO3 3.18 g 
5 EDTAFeNa 0.45 g 
6 H3BO3 0.496 g 
 MnCl2.4H2O 0.278 g 
 (NH4)6Mo7O24.4H2O 0.20 g 
7 Cyanocobalamin 0.008 g 
 Thiamine HCl 0.008 g 
 Biotin 0.008 g 
8 NaSiO3.9H20 11.4 g 
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3N–BBM+V medium was based on Bischoff & Bold (1963) modified by 
Thomas & Montes (1978) and prepared by adding 9 components of table 2.2 into 900 
ml distilled water while stirring continuously. The medium was made the total volume 
up to 1 liter with dH2O. The prepared medium was autoclaved at 121 °C for 15 min, 
and allowed to cool at refrigerator temperature. 
Table 2.5. Contents of 3N–BBM+V medium. 
## Stock solutions (g l–1 dH2O) Concentration in Final 
1 NaNO3  25.0 30.0 ml 
2 CaCl2.2H2O 2.5 10.0 ml 
3 MgSO4·7H2O 7.5 10.0 ml 
4 K2HPO4.3H2O  7.5 10.0 ml 
5 K2HPO4 17.5 10.0 ml 
6 NaCl  2.5 10.0 ml 
7 trace element solution see following 6.0 ml 
8 vitamin B1 see following 1.0 ml 
9 vitamin B12 see following 1.0 ml 
The trace metals solution was made up (in mg) from 97.0 FeCl3.6H2O, 
41.0 MnCl2.4H2O, 5.0 ZnCl2, 2.0 CoCl2.6H2O, 4.0 Na2MoO4.2H2O, and 750 
Na2EDTA in 1000 ml of distilled water. Vitamin B12 solution was prepared by adding 
0.1 g cyanicobalamin in 100 ml distilled water and taking 1 ml of this solution to 99 
ml distilled water. Vitamin B1 solution was also prepared by addition of 
0.12 g thiamin hydrochloride in 100 ml distilled water. 
2.4. Unialgal growth bioassays 
All unialgal cultures have performed in sterile cotton–plugged Erlenmeyer 
flasks having 35.6 ml liquid. Each flask received 14 ml of the exponentially growing 
culture of the algal inoculums and 18 ml of relevant medium. In addition, four flasks 
of each species received 3.6 ml of BSS and four flasks received 3.6 ml of RSS, 
respectively. These volumes of extracts are equal to concentration of rotting products 
for 15 g BSE and RSE dry mass per liter. Four control flasks received 3.6 ml of sterile 
OR water to have the same volume with the treatments. All flasks were incubated in a 
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growth chamber at 20˚C with 12:12 h L: D photoperiod (120 µmol m–2 s–1) for 14 
days and gently shaken twice daily (Fig. 2.1). 
  
Fig. 2.1. Erlenmeyer flasks containing each experimental unialgal strains that lit from above by two fluorescent 
tubes. 
The bioassays were terminated after two weeks and algal biomass estimated by 
Chlorophyll a (Chl a) analysis. Briefly, 30 ml of each flask was glass–fiber filtered 
(GF/C Whatman), placed in TFE/glass grinder, covered by 2–3 ml 90% aqueous 
acetone solution, and macerated at 500 rpm for 1 min. the extract slurry transferred to 
screw–cap centrifuge tube and its total volume adjusted to 10 ml using 90% aqueous 
acetone. This extract slurry steeped for 12 h at 4°C in the dark and then clarified by 
centrifuging in closed tubes for 20 min at 500 g. 
Supernatant of the extracts transferred to 1–cm cuvettes and Chl a was 
quantified by measuring the absorbance at 630, 647, and 664 nm minus a background 
turbidity reading at 750 nm using a Schimadzu UV–260 spectrophotometer by 
following equation (Jeffrey & Humphrey, 1975): 
Chl a = 11.85(OD664) – 1.54(OD647) – 0.08(OD630) 
All unialgal treatments were arranged in fully randomized factorial design 
(FRFD). Differences between treatments were determined by analysis of variance 
(ANOVA) using MSTATC statistical package (MSTATC, 1989). A p–value of less 
than 0.05 was considered statistically significant. Whenever significant differences 
were detected, means were separated using Duncan’s multiple range test (DMRT). 
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2.5. Bioassays with Daphnia magna 
This acute toxicity tests were performed using the standard protocol of ISO 
6341 for D. magna (ISO 6341, 1996). The purpose of this test is to determine the 
median effective concentration for immobilization (EC50) of a substance to Daphnia 
in fresh water as indicator species of zooplankton. This is the concentration, in terms 
of initial values, which immobilizes 50% of the Daphnia in a batch test within a 
continuous period of exposure. 
The bioassays were done in sterile screw–cap polystyrene plate containing 50 
ml of liquid test solutions. The test solutions were prepared fresh by adding 9 and 18 
ml BSE and RSE to the plates and dilution water affixed so as to obtain final volume 
of 25 ml. These volumes of liquor are equivalent to the leached decomposing products 
from 20 and 40 g dry mass barley and rice straws per liter (Fig. 2.2). 
Juveniles of D. magna were obtained from the fishponds of Ansari Breeding 
and Reproduction center (ABRC), Guilan province, Iran. Twenty numbers of the 
organisms were randomly transferred into separate plate (ISO 6341, 1996). No 
feedings was done during the extract exposure into the each vessel. Each 
concentration and control was conducted in three replications. The temperature was 
maintained at 21±1 °C during the exposure for 48 h under a 16:8–h light: dark 
photoperiod. 
The mobile D. magna of each container were counted after 24– and 48–h 
exposure. Those which were not able to swim in the 15 seconds after gentle agitation 
of the liquid considered being immobilized; even they can still move their antennae. 
Potassium dichromane was also used as the reference standard. 
Toxicity was expressed as mean percentage immobilization of D. magna. The 
percentage mortality is plotted against concentration on logarithmic–probability paper 
and the amounts of EC50–24 and EC50–48 determined. Differences between the 
treated groups and the control groups were determined by analysis of variance 
(ANOVA) using SPSS (Chicago, IL, USA). Statistical significance was accepted at 
32 
 
p<0.05 for all factors of the present experiment. All statistical analyses were 
performed by the MSTATC statistical program (MSTATC, 1989). 
Fig. 2.2. Immobility determination of Daphnia magna as a non–target organism affected by BSE and RSE.  
2.6. Bioassays with silver carp 
This experiment was designed to consider the probable effect of barley and rice 
straws on the growth and survival of silver carp (Hypophthalmichthys militrix) as 
indicator species of nektons. Organisms were obtained from Ansari Breeding and 
Reproduction Centre. The investigation was performed in 15 aquariums each 
containing 40 L tap water and done in triplicate for each concentration and control 
(Fig 2.3). 
Thirty fingerling silver carp were randomly caught and placed to the fifteen 
aquaria having forced aeration. Twelve aquaria were randomly assigned to four 
treatments with three replications that are summarized in table 2.6. The remaining 
three control ponds were untreated. The straws initially washed carefully to clean the 
remained pesticides and packed cylindrically by nets. 
Table 2.6. Experimental design of different treatments used in non–target bioassay. 
 20 g l–1 40 g l–1  
Barley straw T1 T2 
Rice straw T3 T4 
The fish were reared for eight weeks under conditions generally considered 
suitable for this species (Turker et al, 2003). The initial mean body weight of silver 
carp in each aquarium determined (5.84 g) and feeding was daily done according to 
3% of mean body mass that adjusted every week after initial weighing. 
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The physicochemical parameters including temperature, pH, dissolved oxygen 
(DO), and electrical conductivity (EC) were fortnightly analyzed during the 
experiment. Water temperature and pH were measured using a mercury thermometer 
and compact pH meter (Horiba B–212, Horiba, Kyoto), respectively. DO and EC 
were also measured by a portable oxygen meter (Model 1520, E.I.L., U.K.) and 
portable conductivity meter (Model 19601–03, Cole–Parmer, US), respectively. 
  
Fig. 2.3. The sustenance of silver carp as a non–target organism in aquaria containing barley and rice straws. 
Final weight and glucose level of each aquarium were determined with three 
replicate by the end of study. The weight measured by a digital balance (Model 244, 
Mettler, Germany). To determination of final glucose level of blood, three fish were 
randomly picked out of each aquarium and immediately bled by cutting the caudal 
peduncle. Plasma glucose level (mM l–1) was then analyzed using a commercial kit 
(no. 124 028, Boehringer Mannheim GmbH, Mannheim, Germany) by putting a blood 
drop on the sensor of blood–sticks (Glucometer Elite, Bayer Corporation, USA). 
The experiment was designed as a fully randomized factorial with two straw 
treatments (barley and rice) at two levels (20 and 40 g l–1) plus two controls. 
Differences between treatments were determined by analysis of variance (ANOVA) 
followed by DMRT. A p–value of less than 0.05 was considered statistically 
significant. All data analyses were performed using SPSS (SPSS, Richmond, USA). 
2.7. Field applications of experimental straws 
The field trial was carried out in 15 small eutrophic fishponds (each 40m long 
and 20m wide, average depth 1.2m), located at Ansari Breeding & Reproduction 
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Centre (ABRC), Rasht, Guilan Province, Iran. All of the ponds fertilized once a year 
with 5 kg urea (46%) and 10 kg triple super phosphate (16% P2O5) at the begging of 
experiment. Water pumped into each pond as necessary to maintain the initial depth. 
To examine the effect of the barley and rice straws on the algal assemblage, 
twelve ponds randomly assigned to two triplicate groups and treated with 400 and 800 
kg ha–1 of barley and rice straws, respectively. The remaining three control ponds 
were untreated. The experimental straws were applied following the guidelines 
suggested by Newman (1999). As noted, the most important measurement in 
calculating of required straw is surface of reservoir. Surprisingly, the volume of the 
water does not appear to affect the performance of straw as might be expected. This is 
because the majority of algal growth takes place in the surface layers of the water and 
so it is not necessary to measure the water depth or volume of the reservoir when 
calculating the quantity of straw required. 
In still or very slow flowing water like ponds, it is preferable to broken the straw 
up and the loose straw wrapped in some form of netting or wire (Newman, 1999; 
Barrett et al, 1999). One of the simpler ways of wrapping large quantities of loose 
straw is to use of the various forms of tubular nets normally sold for constructing 
onion sacks and other agricultural products. Hence, the straw bales were broken up 
next to the ponds and repacked in tubular nets which had 40 cm diameter and a mesh 
size of 10 mm. The nets of straws were placed around the shore of treated ponds and 
securely anchored with timbers near the surface of water (Fig 2.4). 
Fig. 2.4. Rearrangement and preparation of barley and rice straw into sausage package form. 
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2.7.1. Physico–chemical analyses 
A variety of physical and chemical parameter of the pond waters was quantified 
monthly between 09:00 and 11:00 h from April (Just prior to application of the 
straws) to November 2009. Water temperature and pH were measured in situ using a 
multi–parameter probe (WTW model). Dissolved oxygen (DO) was also evaluated by 
YSI model 54 oxygen meter (Yellow Springs Instruments, Yellow Springs, OH, 
USA). 
Water transparency was determined by a Secchi disk as described in Giardino et 
al (2001). Briefly, the disk was inserted upright in the water and lowered until the 
circular disk just disappeared from view. The water depth on the yardstick was read. 
The disk was slowly raised until it can be seen again, and the depth read once more. 
The average of the two readings had determined as the Secchi disc depth. 
Water quality parameters were measured from 1–liter composite sample (of 
three subsamples) collected around midday in each pond according to the standard 
methods described by APHA (1995). These included nitrate (NO3–N) by the 
ultraviolet spectrophotometric screening procedure, nitrite (NO2–N) by the 
colorimetric procedure, ammonia (NH3–N) by the phenate method, and 
orthophosphate (PO4–P) by the ascorbic acid method. 
2.7.1.1. Nitrate (NO3–N) content 
Reagents preparation 
a) Nitrate–free water: redistilled water of highest purity was used to prepare all 
solutions and dilutions. 
b) Hydrochloric acid solution: HCl, 1N. 
c) Stock nitrate solution: 0.7218 g of potassium nitrate dried in an oven at 105 ºC for 
24 hours, dissolved in 1000 ml water and preserved using 2 ml CHCL3 l
–1; 1.00 
ml = 100 µg NO3–N. This solution was stable at least for six months. 
d) Intermediate nitrate solution: 100 ml of Stock nitrate solution was diluted to 1000 
ml and preserved by 2 ml CHCL3 l
–1; 1.00 ml = 10.0 µg NO3–N. the solution was 
stable at least for six months. 
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Procedure: 50 ml of composite sample was filtered, added to 1 ml HCl solution 
and mix thoroughly. NO3–calibration standard was also prepared in a range of 0 to 7 
mg NO3–N l
–1 by diluting 1.0, 2.0, 4.0, 7.0, and 35.0 ml of intermediate nitrate 
solution to 50 ml distilled water. The standards were treated in the same manner as 
described above. 
The absorbance reading was done spectrophotometrically against redistilled 
water (set as Zero). A wavelength of 220 nm was used to obtain NO3–N reading and a 
wavelength of 275 nm to determine interference due to dissolved organic matters. For 
samples and standards, two times the absorbance reading at 275 nm was subtracted 
from the reading at 220 nm to obtain absorbance of NO3–N. A standard curve was 
constructed by plotting absorbance due to NO3– against NO3–N concentration of 
nitrate. The sample concentration was also obtained directly from standard curve 
using corrected sample absorbance (Armstrong, 1963). 
2.7.1.2. Nitrite (NO2–N) content 
Reagents preparation 
a) Nitrite–free water: redistilled water of highest purity was used to prepare all 
solutions and dilutions. 
b) Color reagent: 100 ml 85% phosphoric acid and 10 ml sulfanilamide was added to 
800 ml nitrite–free water. After dissolving sulfanilamide completely, 1 g N–(1–
naphthyl)–ethylenediamine dihydrochloride was added. The solution mixed to 
dissolve and diluted to 1 L. the reagent was stable around a moth and stored in 
dark bottle in refrigerator. 
c) Sodium oxalate: 3.350 g Na2C2O4 (primary standard grade) was dissolved in water 
and diluted to 1000 ml. 
d) Ferrous ammonium sulfate, 0.05 M (0.05 N): 19.607 g Fe(NH4)2(SO4)2.6H2o plus 
20 ml concentrated H2SO4 were dissolved in water and diluted to 1000 ml. 
e) Stock nitrite solution: 1.232 g of commercial reagent–grade NaNO2 was dissolved 
in water, diluted to 1000 ml and preserved by 1 ml CHCl3; 1.00 ml = 250 µg N. 
because NO2
– is oxidized readily in the presence of moisture, a fresh bottle reagent 
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was used for preparing the stock solution and the bottle kept tightly stoppered 
against the free access of air. 
f) Intermediate nitrite solution: 50 ml of Stock nitrate solution was diluted to 250 ml 
using water and preserved by 2 ml CHCL3 l
–1; 1.00 ml = 0.500 µg NO2–N. The 
solution was prepared daily. 
Procedure: 50.0 ml of composite sample was filtered through a glass–fiber filter 
(0.45 µm–pores GF/C Whatman) for removing suspended solids. 2 ml color reagent 
was added to the filtered sample and mixed carefully. The absorbance was measured 
at 543 nm between 10–30 min after adding color reagent to samples and standards. A 
standard curve was prepared by plotting absorbance of standards against NO2–N 
concentration. Sample concentration computed directly from the curve (Boltz et al, 
2003). 
2.7.1.3. Ammonia (NH3–N) content 
Reagents preparation 
a) Phenol solution: 11 ml liquid phenol was mixed by 95% v/v ethyl alcohol to a 
final volume of 100 ml (prepared in each sampling date). 
b) Sodium nitroprusside, 0.5% w/v: 0.5 g sodium nitroprusside was dissolved in 100 
ml deionised water and sorted in amber bottle for up to 1 month. 
c) Alkaline citrate: 200 g trisodium citrate and 10 g sodium hydroxide were 
dissolved in deionised water and diluted to 1000 ml. 
d) Sodium hypochlorite commercial solution, about 5%. Because this solution 
slowly decomposes once the seal on the bottle cap is broken, it replaced every 2 
months. 
e) Oxidized solution: the oxidised solution was daily prepared fresh by mixing100 
ml alkaline citrate solution with 25 ml sodium hypochlorite. 
f) Stock ammonium chloride solution: 3.819 g anhydrous NH4Cl (dried at 100 ºC) 
was dissolved in water and diluted to 1000ml; 1.00 ml = 1.00 mg N = 1.22 mg 
NH3. 
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g) Standard ammonium solution: Three different concentration standard solutions 
were made ready by diluting the stock solution with water to prepare a calibration 
curve. 
Procedure: 100 ml of the composite sample was pooled into a clean plastic 
bottle and stored in a refrigerator at 4 °C temperature previous to investigation within 
a day. 1 ml phenol solution, 1 ml sodium nitroprusside solution and 2.5 ml oxidizing 
solution were added to 25 ml of the sample poured in a 50–ml erlenmeyer flask by 
mixing after each reagent addition. Then, the sample covered by paraffin wrapper film 
and let color to develop at room temperature and light for one hour. The Absorbance 
was measured at 640 nm. A blank and two other standard solutions prepared by 
diluting stock ammonia solution into the sample concentration range and their 
absorbance were determined in like manner to sample. A standard curve was prepared 
by plotting absorbance reading of standards against ammonia concentrations of 
standards. Finally, Ammonia concentration of the sample was computed by 
comparing the sample absorbance with the standard curve (Solorzano, 1969). 
2.7.1.4. Orthophosphate (PO4–P) content 
Reagents preparation 
a) Sulfuric acid, 5N: 70 ml concentrated H2SO4 was diluted to 500 ml by distilled 
water. 
b) Potassium antimonyl tartrate solution: 1.3715 g K(SbO)C4H4O6.½H2O was 
dissolved in 400 ml distilled water and diluted to volume using a 500–ml 
volumetric flask . The solution stored in a glass–stoppered bottle. 
c) Ammonium molybdate: 20 g (NH4)6Mo7O24.4H2O was dissolved in 500 ml 
distilled water and stored in a glass–stoppered bottle. 
d) Ascorbic acid, 0.1M: 1.76 g ascorbic acid was dissolved in 100 ml distilled water. 
The solution was stable for one sampling at 4 °C. 
e) Combined reagent: the above reagents were mixed in the following proportions 
for 100 ml of the combined reagent: 50 ml H2SO4, 5 ml potassium antimonyl 
tartrate solution, 15 ml ammonium molybdate solution, and 30 ml ascorbic acid 
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solution. The reagents were mixed after addition of each other and let all reagents 
to reach room temperature before they were mixed. If turbidity formed, the 
combined reagent was shacked and let stand for a few minutes until turbidity 
disappeared before proceeding. The reagent was stable for 4 h. 
f) Stock phosphate solution: 219.5 mg anhydrous KH2PO4 dissolved in distilled 
water and diluted to 1000 ml; 1.00 ml = 50.0 µg PO4
–3–p. 
g) Standard phosphate solution: 50.0 ml stock solution was diluted to 1000 ml by 
distilled water; 1.00 ml = 2.50 µg P. 
Procedure: 50.0 ml of the composite sample pipetted into a clean, dry 125–ml 
Erlenmeyer flask. 0.05 ml (1 drop) of phenolphthalein indicator was added to the 
sample and if the red color developed, 5–N H2SO4 Solution was dropwised to 
discharge the color. 8.0 ml combined reagent was added to the flask and mixed 
thoroughly. After 20 min, absorbance of each sample was measured at 880 nm using 
reagent blank as the reference solution. The reagent blank prepared by adding all 
reagents except ascorbic acid and potassium antimonyl tartrate to the sample. The 
blank absorbance subtract from each sample absorbance. A standard curve was 
prepared by plotting absorbance reading of standards against ammonia concentrations 
of standards. Sample concentration computed by comparing sample absorbance from 
the standard curve. Concentration of orthophosphate calculated as follows (Edward et 
al, 1965): 
  
 
 
  
Fig. 2.5. Fixing of barley and rice straw packs into the experimental earthen ponds. 
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2.7.2. Biological analyses 
The experimental ponds were biologically monitored by consideration of Chl a 
level as indicator of algal growth, quantity of mean algal classes, and surface coverage 
of macrophytes. Water sampling was monthly done between April and November 
2009. A composite sample was taken from three different points in each pond at 10 
cm under the water surface. An aliquot (500 ml) of the homogenized composite 
sample was preserved in 1% Lugol’s iodine solution and stored in dark for 24 h. The 
lugol’s iodine solution was prepared by dissolving 20 g potassium iodide and 10 g 
iodine crystal in 200 ml distilled water containing 20 ml glacial acetic acid (Hawkins 
et al, 2005). After sedimentation, the supernatant was siphoned away, and the 
remaining solution (100ml) was mixed well and used for algal fixation. 
Quantitative measurement was done by transferring 1 ml of the preserved 
sample to the Sedgwick–Rafter counter. Before cell filling, the cover glass was placed 
diagonally across the cell and sample transferred with a large–bore pipette to prevent 
air bubbles formation in cell counter. 
The cover slip was rotated slowly and let the S–R cell to stand for at least 15 
min to settle the plankton. The cell counts were done under a compound microscope 
within 10 squares of the cells, chosen randomly. The cell density was computed by 
the Striling (1985) formula as below: 
  
Where, 
N = Number of algal units per liter of original water. 
A = Total number of algae counted. 
C = Volume of final concentrate of the sample in ml. 
V = Volume of a field in mm3. 
F = Number of fields counted. 
L = Volume of original water in liters. 
The algae were identified up to the class under a compound light microscope 
using the keys and illustrations by Palmer (1989), Bellinger (1992), and Wehr & 
Sheath (2003). 
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Another aliquot (500 ml) of the homogenized composite sample was used to 
detect the amount of Chl a Concentration monthly during the experimental period. 
The sample was held on ice and protect from light exposure until extraction1. The 
sample was concentrated by glass–fiber (GF/C Whatman) filtering and stored in 
airtight plastic bags. The glass–fiber filter was placed in TFE/glass grinder, covered 
with 2–3 ml 90% aqueous acetone solution, and macerated at 500 rpm for 1 min. the 
extraction slurry transferred to screw–cap centrifuge tube and its total volume 
adjusted to 10 ml by 90% aqueous acetone. The extraction slurry steeped for 12 h at 4 
°C in the dark and then clarified by centrifuging in closed tubes for 20 min at 500 g. 
The extracts transferred to 1–cm cuvettes and Chl a amount was quantified as 
described before. After determining of pigment concentration in the extract, the 
amount of Chl a calculated per volume as follows: 
  
  
Fig. 2.6. Chlorophyll a extraction and reading of optical density using spectrophotometer.  
As an index of macrophyte abundance, cover of rooted (submerged and 
emergent) and floating macrophytes was estimated within a 40 cm diameter circular 
frame (Necchi et al, 1995) at six sample points for each pond. Sampling encompassed 
the zone close to the littoral margin, where the majority of any macrophytes occurred. 
As ponds were generally rectangular, two and one sample points were placed on each 
length and widths of the ponds, respectively. 
                                                 
1 Opaque bottle was used because even brief exposure to the light will alter chlorophyll value. 
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Treatments, which arranged in randomized complete block design (RCBD), 
were compared statistically using split–plot analysis of variance (ANOVA), followed 
by Duncan’s multiple range test (DMRT). Pearson’s correlation analysis was 
conducted using SPSS statistical software (SPSS 10.1) to determine which of the 
physico–chemical and biological parameters limited the density and composition of 
algae. Levels of significance were determined 0.05 and expressed in the figures as the 
amount of least significant differences. 
2.7.3. Statistical analysis 
Data were analyzed using analysis of variance followed by separation of means 
only Duncan’s multiple range tests, at the p<0.05 level, using SPSS and MSTATC 
statistical software's. 
The statistical procedure that used for each experiment (including unialgal 
bioassays, ISO 6341, effect of barley straw on silver carp, and field study) are 
explained at the end of each experiment statement. In analyses carried out with 
several sampling times, time was treated as a simple factor. All experiments in this 
study were arranged in fully randomized factorial (FRF), except for field studies 
which organized in randomized complete block design (RCBD). In the following 
statements of results and discussion, the word "significant" will be used to denote 
p<0.05. 
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3. Results 
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3.1. Effects of extracts on laboratory cultures of algae 
Frequent visual observations showed that growth of all Algal strains in the 
control cultures increased substantially during the two–week period of the incubation. 
Therefore, Chl a amounts of treated cultures that were lower than their untreated 
counterparts were indicative of growth inhibition by experimental extracts. 
The results indicate that Microcystis aeruginosa grown in the controls was 
significantly (p<0.05) increased with the maximum of 267 µg l−1 at the end of 
experiment. In the presence of BSE, growth of M. aeruginosa was repressed with Chl 
a undetectable at the end incubation. Likewise, RSE was significantly decreased the 
level of Chl a around 9 folds lower than control. 
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Fig. 3.1. Mean algal biomass of Microcystis aeruginosa in the presences of experimental extracts. Error bars 
represent ±1standard error. 
Growth of Aphanizomenon flos–aquae in the control cultures was substantially 
increased and reached to 876 µg l−1. In both BSE and RSE cultures, growth of this 
alga significantly declined contrasted to the control (p<0.05). However, RSE showed 
more obvious suppressing effect on the growth of A. flos–aquae compared to BSE. 
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Fig. 3.2. Mean algal biomass of Aphanizomenon flos–aquae in the presences of experimental extracts. Error 
bars represent ±1standard error. 
The growth of Anabaena flos–aquae in control cultures was also showed a 
significant increase of Chl a concentration (614 µg l−1), whereas suppressed in expose 
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to the both experimental extracts (144 and 179 µg l−1, respectively). Besides, there 
were no significant differences in the amount of Chl a between BSE and RSE 
cultures. 
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Fig. 3.3. Mean algal biomass of Anabaena flos–aquae in the presences of experimental extracts. Error bars 
represent ±1standard error. 
Assessing the growth of Synura petersenii and Dinobryon sertularia 
demonstrated a considerable increasing growth of control during the experiment. BSE 
treatments exhibited inhibitory properties against S. petersenii and D. sertularia with 
Chl a levels around 8– and 6–fold lower than their untreated counterparts, 
respectively. Likewise, RSE significantly (p<0.05) reduced the growth of these algae. 
However, sensitivity of these algae to BSE were significantly (p<0.05) more than 
RSE. 
   
  C
hl
 a
 c
on
te
nt
 
0
400
800
1200
1600
control barley straw rice straw
a
c
b
LSD5% = 268.3
 
Fig. 3.4. Mean algal biomass of Synura petersenii in the presences of experimental extracts. Error bars 
represent ±1standard error. 
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Fig. 3.5. Mean algal biomass of Dinobryon sertularia in the presences of experimental extracts. Error bars 
represent ±1standard error. 
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The findings illustrated that growth of Oscillatoria tenuis and Asterionella 
formosa were significantly (p<0.05) increased in the control media relative to the 
beginning of the experiment. Similarly, cultures containing BSE showed a significant 
stimulatory effect on the growth of O. tenuis, and A. formosa. On the other hand, BSE 
inhibited the growth of these algae in comparison to the control. cultures (p<0.05). 
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Fig. 3.6. Mean algal biomass of Oscillatoria tenuis in the presences of experimental extracts. Error bars 
represent ±1standard error. 
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Fig. 3.7. Mean algal biomass of Asterionella formosa in the presences of experimental extracts. Error bars 
represent ±1standard error. 
Spirogyra sp. grown was also showed a significant increase in control cultures 
(p<0.05). In the presence of BSE, growth of this alga was significantly (p<0.05) 
provoked, although its growth slightly decreased by RSE when the results compared 
to the control. 
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Fig. 3.8. Mean algal biomass of Spirogyra sp. in the presences of experimental extracts. Error bars represent 
±1standard error. 
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Final level of Chl a in control cultures of Hydrodictyon reticulatum showed a 
significant increase compared to the initial value. Likewise, Both of BSE and RSE 
treatments exhibited stimulatory properties against this alga with Chl a level 
significantly (p<0.05) higher than their respective controls. 
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Fig. 3.9. Mean algal biomass of Hydrodictyon reticulatum in the presences of experimental extracts. Error bars 
represent ±1standard error. 
The growth of Chlorella kessleri and Scenedesmus subspicatus were equally 
enlarged and no significant different was found between treatments. However, the 
growth of S. subspicatus in the presence of RSE was slightly higher than control. 
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Fig. 3.10. Mean algal biomass of Chlorella kessleri in the presences of experimental extracts. Error bars 
represent ±1standard error. 
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Fig. 3.11. Mean algal biomass of Scenedesmus subspicatus in the presences of experimental extracts. Error 
bars represent ±1standard error. 
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The growth of Navicula pelliculosa in control culture was also proliferated with 
the amount of 154 µg l–1 at the end of incubation. The cultures exposed to BSE 
showed no significant difference with the controls. On the other hand, the amounts of 
Chl a in cultures exposed to RSE stimulated and became twice after fortnight period 
of experiment. 
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Fig. 3.12. Mean algal biomass of Navicula pelliculosa in the presences of experimental extracts. Error bars 
represent ±1standard error. 
3.2. Effects of extracts on non–target aquatic organisms 
3.2.1. Daphnia magna 
Algicidal compounds applied to the environment should not have, if possible, 
significant toxic effects on the other aquatic organisms. Zooplankters are generally 
very sensitive to pollution and are commonly used in toxicity bioassays. Therefore, 
24–h and 48–h acute toxicity tests with Water flea (Daphnia magna) were performed 
to examine the effects of tested straw extracts on these organisms. The EC50 values 
after 24 and 48 h of exposure are given in Table 3.1. 
The results demonstrated that toxicity of individual extracts to Daphnia magna 
was higher than the amounts which are suggested for constant controlling of algae and 
cyanobacteria under the both laboratory and field condition in present and previous 
studies (Gibson et al, 1990; Barrett, 1994; Ferrier et al, 2005; Murray et al, 2009). 
Comparison standard toxicity of the extracts indicated that 24–EC50 of BSE to D. 
magna was significantly more than RSE. However, their toxicity against this non–
target arthropod was rather similar by 48–h exposure. No immobility of daphnids was 
also observed after 24–h and 48–h exposures by the BSE and RSE concentrations 
applied for controlling of algae in the present field experiment. Furthermore, 24–EC50 
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and 48–EC50 of the Potassium dichromane as reference standard was 1.6 and 0.9 mg l
–
1
 that certified the accuracy of the test. 
Table 3.1. Effects of aqueous extracts from agricultural straw on immobilization of Daphnia magna (EC50 in 
mg l–1). 
 D. magna (24 h)  D. magna (48 h) 
BSE (EC50) 271854  133827 
RSE (EC50) 187521  132509 
Applied BSE (15 g l–1)  _  _ 
Applied RSE (15 g l–1) _  _ 
Potassium dichromane 1.6  0. 9 
3.2.2. Silver carp 
The survival rate of silver carp throughout the study was 100% in all 
experiments after exposures to the different amounts of barley and rice straws. 
Variations in physical and chemical parameters of aquaria are given in table. 3.2. 
Water temperatures varied from 26.3 to 33.2 with negligible difference between 
aquaria during the experiment. The average pH observed in all treatments was 8.32 
and no significant difference was also noted in the pH values of the treatments. The 
highest value (8.89) was observed in T2, whereas the lowest value (7.34) was 
recorded in T3. 
Table 3.2. A comparison on the physicochemical parameters in water of fish exposed to barley and rice straws. 
  Control  T1  T2  T3  T4 
Temp °C) 
Mean 30.2a±0.3 29.9a±0.4 30.4a±0.4 29.7a±0.4 30.2a±2 
Range 28.1–32.0 26.3–32.5 28.9–32.3 27.1–33.2 27.5–33.0 
pH 
Mean 8.07a±0.05 8.18a±0.06 8.30a±0.02 8.24a±0.04 8.32a±0.04 
Range 7.39 a –8.41 7.76 a –8.49 7.80 a –8.89 7.34 a –8.25  7.61 a –8.33 
DO (mg l–1) 
Mean 4.9a±0.2 5.0a±0.2 4.6a±0.1 4.5a±0.4 4.4a±0.3 
Range 4.0–5.6 3.9–5.5 3.8–6.0 3.2–5.7 2.7–5.9 
EC (µS cm–1) 
Mean 842a±93 1161ab±108 1081ab±91 1754c±224 2090c±254 
Range 551–1256 521–1849 548–1778 523–3409 553–3884 
TDS (mg l–1) 
Mean 515a±47 572ab±54 533ab±46 886c±135 927c±148 
Range 263–863 251–923 262–886 293–1479 257–1732 
T1= 20 g barley straw l–1; T2= 40 g barley straw l–1; T3= 40 g rice straw l–1; T4= 40 g rice straw l–1 
Means in the same row with different letters are significantly different at P<0.05. 
The average dissolved oxygen (DO) value throughout the study for barley and 
rice straws were 4.69 and 5.00 mg l−1. The treatments exhibited distinct ranges but no 
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significant differences. The amount of DO in T1 ranged from 3.9 to 5.5 mg l−1, T2 
from 3.8 to 6.0 mg l−1, T3 from 3.2 to 5.7 mg l−1, and T4 from 2.7 to 5.9 mg l−1. 
Although not significant, DO amount of aquarium treated by experimental straws was 
less than control. EC values ranged from 551 to 3884 µS cm–1 with values that 
declined over time. There were significantly lower EC values in aquaria treated by 
rice straw (T3 & T4) than barley straw (T1 & T2). In contrast, TDS of aquaria treated 
with barley straw were obviously higher than the control, although no significant was 
found between each straw amount.  
The mean of final weight and plasma glucose levels for exposed and control 
groups of fish are shown in Fig 3.12 and 3.13. The results demonstrated that final 
average weight of fish was not affected by the presence of barley and rice straws. 
However, fish weight of control aquaria had slightly higher mean weight compared to 
the treatments. On the other side, the final plasma glucose level of treated groups was 
significantly elevated, while control aquaria had the maximum level. Besides, plasma 
Glucose level of fish exposed to barley straw was slightly higher than rice straw (not 
significant), although it was relatively similar for aquaria treated with same straw. 
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Fig. 3.13. Final weight of silver carp exposed to agricultural straws (T1= 20 g Barely straw l–1, T2= 40 g Barley straw 
l–1, T3= 20 g rice straw l–1, T4= g rice straw l–1). 
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Fig. 3.14. Final glucose level of silver carp exposed to agricultural straws (T1= 20 g barely straw l–1, T2= 40 g barley 
straw l–1, T3= 20 g rice straw l–1, T4= g rice straw l–1). 
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3.3. Field applications of straw 
3.3.1. Physical and chemical parameters 
Surface water temperature varied little between ponds for a sample date, but 
differed significantly between months (p<0.05). It gradually tended to rise up from 
October to August. From then onwards, there was a steady decline by September. 
Average maximum and minimum water temperature was 29.5 in September and 18.3 
in April, respectively. Pearson’s correlation analysis on the other hand, showed that 
temperature had a highly significant positive correlation with nitrate–N (r=0564), 
ammonia–N (r=0.446), and chlorophyll a (r=0.249), whereas exhibited significant 
negative correlation with the transparency (r=−0.351), DO (r=−0.327), nitrate–N 
(r=−0.337) and phosphate–P (r=−0.177). 
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Fig 3.15. Surface water temperature during the period of the experiment. The results are the means of three replicates 
with standard errors. 
The average dissolved oxygen (DO) value throughout the study was 
significantly differed between treatments (p<0.05). The DO of control pond ponds 
was increased to 7.43 mg l–1 by June, then declined abruptly to 3.42 mg l–1 by August 
and remained low for the remaining of the experiment. In the both barley straw 
treatments (400 and 800 kg ha–1), DO value were remained high during the 
experiment with the maximum of 8.91 mg l–1 in November. On the other hand, both 
rice straw treatments (400 and 800 kg ha–1) were showed similar increase pattern of 
DO values by June, and then decreased till August. From then upwards, the DO 
values enhanced and reached to final concentration of 5.2 and 5.81 mg l–1, 
respectively. The amounts of dissolved oxygen showed a significant positive 
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correlation with pH (r=0.267), nitrate–N (r=0.809), phosphate–P (r=−0.562) and 
negative correlation with nitrate–N (r=−0785), ammonia–N (r=−0.365), and 
chlorophyll a (r=−0.933). 
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Fig. 3.16. Average dissolved oxygen (DO) value of control and treated ponds with barley and rice straw. 
The average pH observed in all treatments was always found to be in the neutral 
and acceptable range for silver carp. Besides, no significant difference was noted 
between control, barley and rice straw treatments. Ponds treated with barley straw had 
values range from 6.69 to 8.72, whereas ponds treated with rice straw had values from 
6.88 to 8.57. However, pH showed a significant negative correlation with Chl a 
concentration.  
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Fig 3.17. Monthly variation of pH and surface water temperature during the period of the experiment. The results are the means of 
three replicates with standard errors. 
There were no differences in water transparency between dissimilar straw 
treatment (defined as a Secchi disk depth), but there were significant differences 
among treatments (p<0.05). Transparency was significantly lower in control ponds as 
compared with other experimental ponds. The Secchi disk depth of control ponds 
were steadily decreased with the minimum of 21.6 cm in August and remained in this 
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level by October. Ponds treated by 400 kg ha–1 rice straw were also showed similar 
pattern through the experiment. Secchi disk depth of ponds treated with 800 kg ha–1 
rice straw were also decreased by June, but then significantly (p<0.05) increased to 
49.7 cm by September and remained in this level up to end of experiment. In contrast, 
transparency of the ponds treated with both amounts of barley straw gradually 
increased and reached to 76 cm at the end of experiment. 
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Fig. 3.18. Average Secchi disk depth of control and treated ponds with barley and rice straw. 
The concentration of nitrite–N in control pond was relatively increased during 
the experiment, reaching to the final concentration of 7801 µg l–1 in September. The 
ponds treated by both amounts of rice straw were also exhibited similar pattern of 
NO2–N concentrations; except in August and September when it was almost great 
than control. The concentration of NO2–N remained comparatively low in 400 kg ha
–1 
barley straw treatments throughout the experiment, while its concentration declined in 
ponds with 800 kg ha–1 barley straw treatment declined and remained undetectable for 
the remaining period of experiment. Pearson’s correlation analysis showed that 
nitrite–N was positively correlated with chlorophyll a (r=0.748). 
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Fig. 3.19. Average nitrite–N concentration of control and treated ponds with barley and rice straw. 
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There was quite different nitrate–N concentration between the ponds treated by 
400 and 800 kg ha−1 barley and rice straws throughout the study. In control ponds, the 
concentration of NO3–N was decreased to 0.14 mg l
−1 by August and remained 
around this level up to the end of experiment. In 400 kg ha−1 rice straw ponds, the 
concentration of NO3–N was enriched to 1.28 mg l
−1 by June and decreased rapidly 
until August. From then upwards, the rate of depletion became slower until 
November. Pond treated by 800 kg ha–1 rice straw was also demonstrated similar 
pattern of NO3–N concentration, although its average level was higher than 400 kg 
ha–1 rice straw treatment. In contrast, the concentrations of NO3–N in the ponds 
treated with both amounts of barley straw were remained high without significant 
change over the period of experiment. However, ponds treated with higher amount of 
barley straw demonstrate slight decrease compared with control ponds.  
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Fig. 3.20. Average nitrate–N concentration of control and treated ponds with barley and rice straw. 
The average of orthophosphate–P in pond water was also depended on 
treatment. The PO3–P in control ponds declined after the initial algal sampling with 
undetectable value from July to November. In 400 and 800 kg ha–1 treatments of rice 
straws, PO3–P value decreased correspondingly until mid–August when a small 
second period of growth was evident. In contrast, both barley straw treatments 
showed a steady increasing trend in PO3–P concentrations as experimental period 
progressed. No significant variations were observed between the ponds with a same 
straw treatment compared monthly. Pearson’s correlation analysis showed there was a 
significant negative correlation among orthophosphate and nitrite–N (r=−0. 664), 
ammonia–N (r=−0.325), and Chl a (r=−0.576). 
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Fig. 3.21. Average phosphate–N concentration of control and treated ponds with barley and rice straw. 
 
Table 3.3. Pearson’s correlation coefficient (r) between the physicochemical parameters and chlorophyll a concentration 
during the experiment (April to November). 
 Temp pH SDD DO NO2–N NO3–N PO4-P NH4–N Ch–a 
Temp 1         
pH –0.041 1        
SDD –0.351** 0.202* 1       
DO –0.327** 0.267** 0.640** 1      
NO2–N 0.564** –0.249** –0.728** –0.809** 1     
NO3–N –0.337** 0.353** 0.642** 0.785** –0.764** 1    
PO4-P –0.177* 0.170 0.571** 0.562** –0.644** 0.600** 1   
NH4–N 0.446** –0.341** –0.305** –0.365** 0.451** –0.325** –0.87 1  
Ch–a 0.249** –0.304** –0.676** –0.933** 0.748** 0.757** –0.576** 0.399** 1 
* Correlation is significant at the 0.01 level and ** correlation is significant at the 0.05 level.  
   SDD: Secchi Disk Depth. 
3.3.2. Biological parameters 
The difference in mean Chl a concentration between control and straw treated 
ponds is summarised in Figure 3.22. Algal growth in the control ponds steadily 
increased over the experiment, reaching final chlorophyll a concentration of 1180 µg 
l–1 after four months. In both 400 and 800 kg ha–1 rice straw treatments, Chl a levels 
reached to similar value after one month, but then remain stable until mid–August 
when a small second period of growth was evident. There was no significant 
difference between the rice straw treatments. Algal biomass of the ponds treated with 
400 kg ha–1barley straw declined rapidly after the initial algal sampling and reached to 
the concentration of 118 µg l–1. In a similar manner, the ponds treated by 800 kg ha–1 
barley straw had also suppressed the growth of algal, although its inhibitory effect 
was significantly more than the ponds with lower loading. 
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Figure 3.22. Effect of experimental straws on the algal biomass in field ponds during the study period. 
Microscopic considerations of algal community in the ponds were demonstrated 
the presence of 103 genera in seven classes of algae during the study (April–August, 
2008). Of these classes, three were dominated in terms of average algal density. These 
were chlorophyceae, cyanophyceae, and bacillariophyceae. The other four classes 
contained minor parts of the algal community (i.e., less than 5000 units ml−1) and 
included dinophyceae, chrysophyceae, cryptophyceae, and euglenophyceae. 
The overall counts showed that algal density in control ponds increased almost 
during the period of experiment until August. Algal density of the ponds treated by 
400 kg ha−1 rice straw exhibited similar pattern of total cell number by June, but then 
declined during the remaining time of study. There was lower, but not significantly, 
algal density in 800 kg ha–1 rather than 400 kg ha−1 rice straw treatment. On the other 
hand, the ponds treated with both amounts of barley straws had relatively lower algal 
density than the control ponds, but the ponds treated by 800 kg ha–1 barley straw more 
significantly (<0.05) reduced algal density than 400 kg ha–1 barley straw. 
The three dominant groups of phytoplankton (chlorophyceae, bacillariophyceae, 
and cyanophyceae) showed different fluctuations in their densities over the time (Fig. 
3.23–3.25), although the ponds treated with the same straws showed similar patterns 
of changes in algal composition and density throughout the experiment. 
Control ponds: At the initial culture phase, the cyanophyceae had the highest 
mean algal density with 39% of the total algae, followed by chlorophyceae (28%) and 
bacillariophyceae (14%). Towards the end of the period of experiment, the 
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cyanophyceae was more dominated with 61% of total algae, followed by 
chlorophyceae (25%) and bacillariophyceae (10%). 
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Fig. 3.23. Percentage composition (%) of different groups of algae in control treatments during the experiment. others 
included euglenophyceae, cryptophyceae, dinophyceae, prasinophyceae, prymnesiophyceae, and raphidiophyceae.  
Barley straw ponds: At the initial culture phase, the barley straw treatment 
demonstrated similar pattern of control ponds with the highest mean algal density of 
cyanophyceae (45%) in April. The chlorophyceae (32%) and bacillariophyceae (14%) 
were also constituted further ranks, respectively. At the final culture phase, 
bacillariophyceae was noticeably dominated and formed 63% of total algal 
composition, whereas Chlorophyceae and Cyanophyceae were constitutive of 21% 
and 8% of algal composition, respectively. 
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Fig. 3.24. Percentage composition (%) of different groups of algae in barley straw treatments during the experiment. 
others included euglenophyceae, cryptophyceae, dinophyceae, prasinophyceae, prymnesiophyceae, and raphidiophyceae.  
Rice straw ponds: At the initial culture phase, the cyanophyceae exhibited the 
maximum percentage of mean algal density with 48% of the total algae, followed by 
chlorophyceae (27%) and bacillariophyceae (10%). The fluctuation of algal density in 
rice straw was partly showed a steady pattern during the experiment. The rice straw 
pond had the same final algal density compared to barley straw, although the algal 
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composition was somewhat different. Bacillariophyceae was encompassed around 
60% of average algal density, followed by cyanophyceae (31%) and bacillariophyceae 
(27%). 
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Fig. 3.25. Percentage composition (%) of the different groups of algae in rice straw treatments during the experiment. 
others included Euglenophyceae, Cryptophyceae, Dinophyceae, Prasinophyceae, Prymnesiophyceae, and 
Raphidiophyceae.  
Total macrophyte cover was variable following each straw treatment and ranged 
from 0% to 43% divided between rooted (2–27%) and floating macrophtytes (0–32%; 
Table 3.3). At the initial phase of experiment, no significant variation was found 
between all treatments. Besides, there were no significant differences among the 
floating and rotted macrophytes. 
At the middle phase of experiment, total macrophyte cover wasn’t differed 
between the experimental straw, although 400 kg ha−1 barley treatment demonstrate 
slightly lower coverage. Nonetheless, rotted macrophyte of the ponds treated with 
both amounts of barley straws were significantly (p<0.05) lower than the ponds 
treated with rice straw. On the other side, floating macrophyte of the ponds treated 
with both amounts of barley straws were higher, although no significant, than the 
ponds treated with rice straw. 
At the final phase of experiment, total and floating macrophyte coverage of the 
ponds treated with barley straw reduced significantly (p<0.05), whereas the cover of 
rotted macrophyte significantly (p<0.05) increased compared to the control ponds. On 
the other hand, there is not any significant difference among the macrophyte coverage 
of control and rice straw treatments at the final phase of experiment. 
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Table 3.4. Percentage coverage (%) of rooted and floating macrophytes in the treatments during the 
experiment. 
Growth phase  
control Barley straw (kg ha−1)  Rice straw (kg ha−1) 
400 800  400 800 
Initial floating 4a±1 5a±1 4a±2  − 3a±1 
 Rotted 3a±3 3a±2 5a±1  3a±1 2a±4 
 Total 7a±4 8a±2 9a±3  3a±1 5a±4 
        
Middle floating 18b±5 21b±3 20b±4  10a±2 11a±4 
 Rotted 9a±6 8a±5 8a±3  15b±6 17b±3 
 Total 28b±1 29b±7 28b±6  25b±7 28b±5 
        
Final floating 25a±7 4b±4 3b±2  22a±3 20a±5 
 Rotted 10b±5 18a±5 20a±7  10b±4 11b±5 
 Total 35a±8 22b±8 23b±3  32a±7 31a±9 
Means with different letters in the same row are significantly different (P<0.05). 
 
A b c 
 
  
Fig. 3.26. Algal growth in different treatments including untreated (a), Barley straw (b), and Rice Straw (c).  
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4. Discussion 
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4.1. Effect of the straw extracts on unialgal cultures 
The present study illustrates that barley and rice straw extracts are capable in 
controlling of some nuisance species of algae under laboratory condition. The current 
study demonstrated that the growth of Microcystis aeruginosa, Aphanizomenon flos–
aquae and Anabaena flos–aquae are obviously suppressed composed to the both 
extracts. 
This study reiterates the findings that the growth of M. aeruginosa is 
consistently inhibited by the presence of barley and rice straw extracts (Newman & 
Barrett, 1993; Martin & Ridge, 1999; Ball et al, 2001; Choe & Jung, 2002; Park et al, 
2006; Chung et al, 2007). This alga is one of the most common cyanobacteria found 
in freshwater ponds and lakes, which can produce odors, taints and a wide range of 
potent toxins from hepatotoxin family called microcystins (MCs). The water 
contaminated with MCs could cause the death of domestic and wild animals and the 
cases of human sickness (Osswald et al, 2007; Agrawal et al, 2005; Chen & Xie, 
2005; Azevedo et al, 2002; Zimba et al, 2001; Falconer, 1996). 
The present findings certify the earlier studies that expressed barley straw have 
inhibitory effects on the growth of Aphanizomenon flos–aquae in both laboratory 
(Martin & Ridge, 1999) and field experiments (Everall & Lees, 1996), which may 
lead to a wide range of biological impacts including allelopathic effects on other 
phytoplankton, suppression of zooplankton grazing, and hepatotoxic effects on fish 
(Ghadouani et al, 2003; Suikkanen et al, 2004). The results were also showed similar 
inhibitory effects of RSE, which may offer a new method for mitigating water supply 
problems that stem from the growth of this nuisance cyanobacterium. 
The results of current work agree with those obtained by Ferrier et al (2005), 
show that rotted barley straw is effective in inhibiting the growth of Dinobryon 
sertularia and Synura petersenii. The flagellated chrysophytes such as these algae 
accounted for creation of fishy or rancid smells in drinking water supplies, 
particularly potable waters emanating from colder mesotrophic to marginally 
eutrophic reservoirs (Hoehn, 1998; Nicholls & Wujek, 2003). Moreover, the extract of 
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rice straw decreased the growth of these chrysophycean algae although its prohibition 
was less than BSE, determining the higher potential of barley straw for the 
elimination of these algae. 
The responses of laboratory algal cultures to the presence of experimental 
straws in this study were often varied from those observed previously for the same 
species or members of the same genus. Ferrier et al. (2005) found that growth of 
Anabaena flos–aquae stimulated by rotting straw. Martin & Ridge (1999) were also 
showed that Anabaena cylindrica is resistant against barley straw extract. This is 
contrary to the present findings that show inhibitory effect of BSE and RSE on the 
growth of A. flos–aquae, implicated in taste and odor problems as well as being a 
potential producer of the alkaloid neurotoxins (Osswald et al, 2007). 
Diatoms have also different responses to compounds produced during the 
aerobically decomposition of barley and rice straws. The diatom species in this study 
were either inhibited (Navicula pelliculosa) or unaffected (Asterionella formosa) by 
BSE, whereas stimulated when exposed to the RSE. This is contrary to the report of 
Ridge et al (1995) which suggested diatoms as a group may not be inhibited by 
terrestrial leaf litters. Similarly, Martin & Ridge (1999) have showed that 
decomposing barley straw inhibited the growth of Tabellaria flocculosa and 
Asterionella formosa. 
The growth of Scenedesmus subspicatus was also depressed by RSE, while 
unaffected with BSE. This is contrary to the findings of Ferrier et al (2005) that 
showed growth of this green alga was unaffected by the compound released during 
aerobically decomposition of BSE. It seems that the sensitivity of algae to 
decomposing barley and rice straws are not related to general taxonomic or structural 
characteristics; even members of the same genus can differ widely in their sensitivity. 
Hence, agricultural straw impacts must be explored at the individual species level. 
Although taxonomic differences may be accounted for some of differences 
observed between the current study and previous work, other factors could also be 
important when results compared among laboratory bioassays. Straw type can be 
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critical in eliciting growth responses. For example, the growth of Oscillatoria tenuis 
increased by BSE, whereas provoked in the presence of RSE. Likewise, Spirogyra sp. 
grown was proliferated using RSE, but didn’t affect by BSE. Previous researches 
illustrated that larger filamentous algae like Oscillatoria and Spirogyra, which are 
often known as blanket weeds, can survive for longer periods if the straw is added too 
late in the growing season when algal growth is dense. Resistance of these algae, 
therefore, may be related to their growth under exponential phase. 
The concentrations of the experimental straws required for algal inhibition in 
the present laboratory study are larger than those which are reported to be necessary 
in the field (Ridge et al, 1995; Barrett et al, 1996). On the base of work by Jouany et 
al (1983) organic chemicals would be more toxic under dynamic conditions that occur 
in the field; a static test would underestimate toxicity. Whether this is true with the 
proposed chemicals released from barley and rice straws requires further 
investigations. Difference in dosage highlights the problems of extrapolating these 
laboratory analyses to the field. However, the small number of species which have 
been found to be susceptible in field studies such as Microcystis aeruginosa (Newman 
& Barrett, 1993), Asterionella formosa (Barrett et al, 1996) and Aphanizomenon flos–
aquae (Everall & Lees, 1996) were all susceptible in the current laboratory studies. 
The ability of components from rotting barley straw to stimulate growth of 
some algal species was first reported around two decades ago (Barrett & Newman, 
1992), this aspect of effects has received little attention. Martin & Ridge (1999) 
observed significant growth stimulation in Nitzschia filiformis var. conferta, 
Anabaena cylindrica and Oscillatoria animalis when incubated in media containing 
rotted barley straw. Terlizzi et al (2002) reported growth stimulation in cultures of 
three estuarine dinoflagellates (Gyrodinium instriatum, Prorocentrum minimum and 
P. micans) treated with barley straw. Similarly, products from other plants (wheat, 
Ball et al, 2001; oak leaves, Ridge et al, 1999; and needles and chips of pine and 
Korean pine, Choe & Jung, 2002) stimulate algal growth at least during some stages 
of decomposition. Moreover, even decomposition products from plants that cause 
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growth inhibition in Microcystis sp. and Scenedesmus sp. at higher dosages (barley 
straw, rice straw, mugwort, and chrysanthemum) exhibit a shift toward stimulation at 
lower concentrations (Choe & Jung, 2002). Our results were also showed the 
stimulatory effect of both experimental extracts (BSE and RSE) on the growth of 
Hydrodictyon reticulatum. Furthermore, the growth of Navicula pelliculosa and 
Spirogyra sp. were enlarged in the presence of RSE. Growth stimulation could be due 
to the presence of some unknown organic nutrient or perhaps certain organic 
substances originating from the barley straw are acting in a growth regulatory 
capacity (Larson, 1978). 
4.2. Nature of the compounds responsible for inhibitory effects 
The current study doesn’t shed light on the chemical composition of algal 
growth inhibitors in decomposing straws. However, in order to use straw more 
effective, it is necessary to understand something of how the process works. When 
agricultural straw is put into water, it starts to decompose and during this process 
chemicals are released which inhibit the growth of algae. 
The precise nature of the way straw inhibits the growth of algae has not been 
fully investigated. There may well be more than one mechanism at work. The 
explanation favored by several authors is that as the straw decomposes (rots) under 
aerobic conditions, phenolic compounds such as lignin, and especially oxidized 
phenolics or radicals from them, are slowly leached into the surrounding water 
(Brandon et al, 1982; Everall & Lees 1997, Pillinger et al, 1994, Ridge & Pillinger, 
1996). Most of the allelochemicals identified in barley and rice straws are phenolic 
compounds including ferulic, p–hydroxy benzoic, p–coumaric, vanillic, salicylic, 
syringic and benzoic acid (Inderjit et al, 1995; Chung et al, 2001; Gross, 2003). The 
release of these phenolic compounds from decomposition of barley and rice straw cell 
walls plays a crucial role in the inhibition of algae (Inderjit et al, 1995; Ridge & 
Pillinger 1996). 
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Waybright et al (2008) demonstrated that phenolic compounds responsible for 
algistatic activity have higher molecular weight and are not photochemically or 
microbially derived. This is in parallel of our findings that show inhibitor compounds 
of barley and rice straw extracts remained stable after filtration. In fact, the extracts 
that contain neither microbe from the decomposing nor fine particles of detrital straw 
also exhibit the suppressing activity against algae. Other studies have also reported 
similar persistence of inhibitory activity after filtration (Gibson et al, 1990; Ball et al, 
2001), suggesting that allelochemicals released from the barley and rice straw extracts 
are solvable and able to diffuse through a 0.2–µm filter. 
4.3. Effect of the straw extracts on non–target organisms 
Daphnids are freshwater micro–crustaceans that belong to the class Crustacea, 
order Cladocera (Benzie, 2005). The largest of all Daphnia species, Daphnia magna, 
is often used as an experimental animal for acute and chronic toxicity testing in 
aquatic ecotoxicology (Wang et al, 2009; Cooney, 2003). The English name of 
Daphnia, water flea, originates from the jumping–like behavior they exhibit while 
swimming. This behavior stems from the beating of the large antennae, which they 
use to direct themselves through the water. Motionless Daphnia sink rapidly to the 
ground. Therefore, their immobility after 15 seconds spotted as their death in ISO–
6341 examination. 
The results demonstrated that amount of the experimental extracts which have 
toxic properties against Daphnia magna were more higher than those previously 
suggested for constant controlling of algae and cyanobacteria under the both 
laboratory and field condition (Gibson et al, 1990; Barrett, 1994; Ferrier et al, 2005; 
Murray et al, 2009). The extracts prepared according to field application of barley and 
rice straws had also no effects on the survival of this crustacean. The need for the 
relative volatility of the inhibitors released from barley and rice straw in water so that 
exclude its breakdown during the test is the only limitation of described method. 
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Fish are largely used in evaluation of aquatic systems quality. Their physiologic 
changes have a great potential to use as biologic markers of environmental pollution 
and understanding the toxic mechanisms of the unknown materials in aquatic 
ecosystems (Dautremepuits et al, 2004; Vutukuru et al, 2005). Silver carp is one of the 
common bioindicators that widely used in fisheries industry of Iran for food supply 
(Salehi, 2006). 
Our results didn’t exhibit any adverse effect of experimental straws on the 
survival of silver carp. Among the physicochemical parameters, TDS and EC in both 
barley treatments were significantly differed compared to the other treatments (control 
and rice). This may be related to the more inhibitors released during barley straw 
decomposition that cause a higher prohibitive activity against target organisms. 
However, parameters pertaining to the water quality of all experimental aquaria were 
in the acceptable range proposed by Yanbo & Zirong (2006). 
Since blood components form a unique correlation between outsides and 
insides, stressor ingredients could alter composition of the fish blood. Hence, the 
study of the hematological parameters such as glucose levels of the fish responsive to 
the stressors is gaining recognition as useful tools for monitoring the pollutants in the 
environment. 
Nematollahi et al (2009) exhibited from work by Wederlaar Bonga (1997) that 
cortisol affects carbohydrate metabolism and a rise of cortisol levels in frequently 
followed by hyperglycemia in fish. The depletion of liver glycogen and the rise in 
blood glucose levels were reported in silver carp after exposure to several pollutants at 
sub–lethal concentration (Qiu et al, 2009). Hence, this fish provides a good model to 
study responses and possible adaptations of local fish populations exposed to diffuse 
pollution originated from various sources. In present study, plasma glucose level 
significantly decreased during the straw exposure. However, no significant difference 
was found between treatments 1 to 4. Thus, straw treatments not only have any 
unsympathetic effect on silver carp, they also caused a better condition for fish after 
eight week exposures. 
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Regarding safety, the best that can be said is that no adverse effects of using 
barley and rise straws have been reported so far. Barrett et al. (1996) used standard 
techniques for potable supplies to monitor the Grampian reservoir where straw was 
applied and reported no increase in taint–producing substances such as geosmin. 
Everall & Lees (1996), however, found low concentrations of some organic 
compounds, including simple phenolics and long–chain fatty acids within 0.1 m of 
barley straw in the Derbyshire reservoir. Nonetheless, most of these compounds were 
not present in 150 m downstream of straw. These authors found no unpleasant effects 
of barley straw on 18 species invertebrate populations and a bloom of planktonic 
rotifers from mid April to late May. No adverse effects of barley straw have been also 
published on development of the common newt (Triturus vulgaris) or common frog 
(Rana temporaria), other than a small decrease in the mean size of frogs at 
metamorphosis (Ridge et al, 1996). It must be emphasized, however, that all these 
studies had short–term applications and probable unfavorable effects on wildlife from 
long–term use cannot be ruled out. This is the mean reason for advocating of the 
present technique primarily as a short–term and emergency measure rather than a 
long–term management strategy. 
4.4. Effect of the agricultural straws under field conditions 
This investigation indicates that the presences of barley and rice straws in the 
earthen ponds reduced the growth of algae. Most field studies of the straw application 
on algal growth have been conducted as management experiments that involved a 
single pond, canal, or reservoir (Welch et al, 1990; Everall & Lees, 1997; Barrett et al, 
1999; Caffrey & Monahan, 1999; Boylan & Morris, 2003). The effectiveness of straw 
applications in these studies was assessed either by comparing algal growth in treated 
waters with that upstream of the application or by making pre– and post–treatment 
comparisons of algal growth at the same location. As their authors point out, the lack 
of replication and absence of legitimate controls in these studies make definitive 
conclusions concerning the efficacy of field applications of barley straw difficult. The 
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current study is the first report that used an adequate number of replications to clear 
more the effect of experimental straw on algal growth. 
The present investigation demonstrates that some hypothetical modes of straw 
action could not be responsible of the algal inhibition. For example, it was 
conceivable that microbial population on rotting straw remove phosphorus and 
nitrogen from the water, thus rendering these essential substances unavailable to algae 
(Anhorn, 2005). However, there was no evidence of significant reduction in major 
nutrients of barley and rice straw treatments. Concentration of reactive phosphorus, 
ammonium, and nitrate were always well above the growth limiting concentrations, 
yet, algal growth inhibition occurred in the treated ponds. This is similar to findings of 
Gibson et al. (1990) that added a substantial amount of N and P to an algal culture 
treated with barley liquor; algal growth inhibition still occurred. Our findings even 
demonstrated that concentration of nitrate–N and reactive phosphorus into both barley 
straw treatments significantly increased compared to the control ponds. Therefore, 
these factors could not be limiting factors of algal growth. 
Trace elements essential for algal growth may have been removed from the 
water by the straw microflora, but it seems unlikely that these could be limitation in 
such highly eutrophic ponds. Stan et al (2005) were also pointed out that, it is still 
unclear whether barley straw may significantly interact with nutrients or trace 
elements. Likewise, current results suggest that any essential growth factors, such as 
vitamin B12, would be more likely to be produced by straw microflora than removed 
from solution. The concentration of nitrite in the barley and straw treatments are well 
below those known to be toxic to fish and invertebrate animals (Machova et al, 2009) 
and probably would not have influenced algal growth. Concentration of up to 100 mg 
l–1 NO2–N had no effect on laboratory culture of green algae like cladophora (Welch 
et al, 1990). 
Another possible mechanism of algal control could be related to increase of 
algal grazing by associated invertebrate populations, acting as a form of biological 
control. While this may have contributed to the decline of natural algal population 
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(Street, 1997; 1978; 1979), it is unlikely to reduce the growth of algae in present 
laboratory studies and those reported before (Pillinger et al, 1994; Martin & Ridge, 
1999; Ferrier et al, 2005; Murray et al, 2009). Few invertebrate could be able to graze 
from mat–forming algae like Oscillatoria. However, the algal coverage was reduced 
specially in barley straw treatments compared to the control ponds. 
Pesticides used at various stages prior harvesting and their residues could be 
released by placing of straws into the water. Since barley straw in this research takes 
near four weeks to become active and reserved this activity for 4 months, growth 
inhibition is not likely to be caused by pesticides, which would have an immediate 
impact and rapid efficacy when the barley and rice straws first put into the water. 
Consequently, their effects would diminish as the pesticides were washed out of the 
straw. However, the observed initial delay in effect and subsequent inhibition of algal 
growth seen in this investigation is most unlikely to arise from pesticide residue. 
Besides, Everall & Lees (1996) detected no suburea or triazine herbicides after 
analyzing water samples extracted from rotted barley straw that had been applied to a 
reservoir. 
In agricultural systems, many growth inhibitors are released from rotting straw 
(Harper & Lynch, 1982) and similar compounds may be produced in water. The 
delayed inhibitory action may indicate that any such active compound(s) are only 
released after a certain stage of decomposition, depending on the development of a 
specific microflora such as fungi attached to barley straw. However, to date just three 
species of fungi have been found to inhibit algal growth (Pillinger et al, 1992). The 
general and widespread anti–algal effects in this study especially in barley straw 
treatments are unbelievable to be explained by the anti–algal properties of specific 
fungi. Furthermore, our laboratory findings were illustrated that sterile–filtered extract 
have found to still exhibit significant anti–algal activity. 
Any biologically active compound released by rotting straw would be present at 
very low concentrations. In the unlikely event that one gram of experimental straw 
gave rise to one gram of active compound then, given a decay rate of 3.42 kg per 
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month (the approximate decay rate of straw), the maximum concentration of 
compound would be only 38 µm l–1. 
There are some reports that straw degradation under anaerobic conditions gives 
rise to phytotoxic products (Harper & Lynch, 1982; Lembi, 2002). Even in well 
oxygenated water, there could be anaerobic micro–environments on decaying straw 
where these phytotoxic compounds might be produced. Some of these compounds, 
including acetic acid and abscisic acid, were screened for toxicity to C. glomerat 
(Gibson et al, 1990) but none were toxic at concentrations below 100 mg l–1. It seems 
highly unlikely that such concentrations could be produced under the conditions of the 
experiments reported here. 
On the other side, there are numerous reports that corroborated our findings that 
straw is more effective in water bodies with sufficient amount of oxygen where the 
rotting of the straw is not interrupted (Nicholls et al, 1995; Boylan & Morris, 2003). 
The DO value over the experiment was always higher than 2.1 mg l–1 that secured 
oxidative decomposition of barley straw. The treated ponds had also higher average 
oxygen level than control ponds that could reflect their more healthy condition. In 
addition, anaerobic decomposition can produce some chemicals that use as carbon 
resource and actually stimulate the growth of algae (Jin et al, 2009; Naik et al, 2010). 
Therefore, it is advisable to incorporate some floats within the netting to keep the 
straw near the well oxygenated surface. 
Deoxygenation of water can occur as a result of natural processes especially in 
prolonged hot weather when the oxygen solubility in water is reduced and biological 
oxygen demand (BOD) increased. This deoxygenation is often caused by algal 
blooms and so the anti–algal activity of barley and straws can reduce the 
deoxygenating risk. 
Shading or differences in water temperature could have accounted for various 
pattern of growth between different treatments. However, there were no obvious 
differences in these factors at the sampling positions of experimental ponds. Newman 
(1999) illustrates that breakdown of straw is dependent on temperature, being slower 
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(8–12 months) at temperatures below 10°C and probably even slower when ice cover 
prevails. Consequently, the faster effect of barley straw in this investigation could be 
explained by the higher water temperature compared to the previous field researches 
(Kelly & Smith, 1996; Lembi, 2002; Boylan & Morris 2003). 
According to the current results straw can be applied at any time of year, 
although it is much more effective if applied in a term that algal population isn’t 
dense. This is because the anti–algal agents released by the straw are more effective in 
preventing algal growth than in killing algae already present (Greenfield et al, 2004). 
Barley and rice straws in this study were used in April, which is the beginning of 
growing season in the north of Iran. It seems that the action of rice straw in this cases 
were likely algistatic rather than algicidal (Ferrier et al, 2005; Waybright et al, 2008). 
It can prevent the new growth, but cannot kill algae and cyanobacteria already present 
in water. The straw does not bring immediate effects; however, it may provide long–
term impact (Drábková, 2007). It is, therefore, preferable to add the barley and rice 
straws very early in the spring, when water temperatures are low. Straw application in 
the autumn has already been shown to lose its activity during the summer (Ridge & 
Barrett, 1992) and so it is necessary to add more straw in the spring so that control is 
maintained throughout the summer and autumn. Previous studies shows clearly that 
straw packs of previous application should not be removed until the new straw has 
been in the water for at least one month, otherwise algal blooms can form rapidly 
(Gibson et al, 1990; Welch et al, 1990). 
 Our results demonstrate that once barley and rice straws have become active, 
the time taken for control varies also with the type of algae. Small, unicellular species 
which make the water appear turbid and green; usually disappear within 6–8 weeks of 
straw application. The larger filamentous algae, often known as blanket weeds, can 
survive for longer periods if the straw is added too late in the growing season when 
algal growth is dense. It is, therefore, advisable to add the experimental straws very 
early in the reservoirs with historical infamy of filamentous algae. 
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When the present results compare to earlier experiments, it will be cleared that 
the effectiveness of this method has been demonstrated for the water bodies which 
most of them have a pH close to neutral. Too few trials have been carried out in acidic 
water bodies that all of them were unsuccessful (Norton et al, 1997; Wills et al, 1999). 
The pH of the field treatments was always neutral to slightly alkaline during the study. 
It appears that anti–algal inhibitors that release from barley and rice straw are more 
resistant in waters that are neither acidic nor alkaline. 
With one exception (Kelly & Smith, 1996), all published reports in the case of 
algal inhibition using the straw have indicated an overall decline in algal biomass 
without a notable shift in species composition (Brownlee et al, 2003; Kelly & Smith, 
1996). This is contrary to our results that showed an overall reduce of algal biomass in 
both 400 and 800 kg ha–1 barley straw treatments as well as a shift in algal 
composition from cyanophyceae to bacillariophyceae in all straw treatments. The 
current experiment affirmed the report of Ridge et al (1995) which expressed diatoms 
as a group of algae may not be inhibited by barley straw. 
In this study, cyanophyceae, chlorophyceae, and bacillariophyceae were the 
dominant algal classes present in the experimental ponds. Phytoplankton density in 
control ponds was generally low at the initial phase of the culture period and 
gradually increased through time. Cyanophyceae constituted the dominant algal group 
(41–97% of the total algae) at the initial phase of the culture period regardless of type 
and amount of straw application. This dominance remained stable in control ponds by 
the end of experiment. In contrast, algal dominance in both barley and rice straw 
treatments changed to the bacillariophyceae (diatoms) towards the end of the 
experiment. The shift in algal composition in current study affirmed the report of 
Ridge et al (1995) which expressed diatoms as a group of algae may not be inhibited 
by barley straw. Further, according to Paerl & Tucker (1995), cyanophyceae are 
climax organisms that have slow growth rates. Thus, their sensitivity to the barley and 
rise straws could probably be more than the other classes of algae. Nevertheless, this 
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nature cannot generalize to all species of cyanobacteria. The results of laboratory 
bioassay showed resistance of Oscillatoria to the barley and rise straw extracts. 
The cyanobacterial blooms have increased in most freshwater systems as a 
consequence of increasing freshwaters eutrophication (Van Ginkel et al, 2000; Xie & 
Liu, 2001). The shift in algal composition of treated ponds form cyanobacteria to 
diatom might be useful in control of toxic cyanobacterial species such as ichthyotoxic 
species M. aeruginosa (Geng et al, 2006; Wu et al, 2007), Anabaena flos–aquae 
(Spoof et al, 2006; Osswald et al, 2007), and Aphanizomenon flos–aquae (Yamamoto 
& Nakahara, 2005; Preussel et al, 2006). Besides, it provide important information 
that barley and rice straws could probably be used as a management strategy for 
improvement of water quality in water bodies with history of cyanobacterial blooms. 
Newman (1999) expressed that greater dosages of barely straw could cause 
more effects on the growth of algae, but the results of the present study did not 
support this view. Although both treatments had controlled the overall growth, no 
significant differences were found between 400 and 800 kg ha–1 treatments of barley 
and rice straws. Removing the heavy and water–logged packs of straws from the pond 
and deposing them after utilization have also needed a considerable effort. Therefore, 
lower amount of barley straw used in this study (400 kg ha–1) seems to be more 
preferable for application in the reservoirs like ponds and lakes. 
The macrophyte coverage in barley straw treatments were reduced significantly 
(p<0.05), although the cover of submerged macrophytes exhibited significant increase 
compared to the control ponds (p<0.05). This is contrary to the findings of Ghobrial et 
al (2007) who expressed no direct effect of straw on aquatic vascular plants. However, 
in several trials where straw has successfully controlled algae, there has been a 
noticeable increase in the growth of submerged vascular plants. Caffrey & Monahan 
(1999) found that stands of Myriophyllum (water milfoil) had reestablished in a barley 
treated section of a canal, after significant algal reduction had occurred. It seems that 
loss of competition from the algae, which has allowed the vascular plants to 
recolonise water in which previously they were unable to compete with the algae. In 
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shallow water bodies where there has been a switch from macrophyte to algal 
domination with increasing eutrophication, the use of barley straw, even without 
reductions in nutrient levels, can facilitate macrophyte restoration within a period of 
four to five years (Newman, 1999). If macrophyte domination is a management aim, 
such short–term application of barley and rice straws is particularly recommended. 
For larger and deeper reservoirs and lakes, the technique is worth serious 
consideration as an interim measure. In addition, control of these macrophytes is 
generally easier more acceptable, and less troublesome than algae. Nonetheless, no 
obvious effect of rice straw was found on the growth of macrophytes compared to the 
control ponds. This could be probably justifiable by relative lower anti–algal activity 
of rice straw and, consequently, any change in competition rate between algae and 
macrophytes. 
Other benefits resulting from the straw treatment were observed. At the water 
treatment ponds, the reduction in algal numbers reduced the frequency with which 
woody blocks of monk needed to be cleaned. Before straw treatments started, it had 
been essential to clean monks at least three times per week, whereas by May when 
algal numbers started to fall, this was reduced to the minimum level of twice per 
week. 
The method of straw application is also important in ensuring efficacy, 
diminishing handling and labor costs. In researches that barley straw didn’t 
successfully worked, the straw applied as bales or very large masses such as bales that 
resulted in a poor distribution of the water throughout the straw and, consequently, 
very slow rate of decomposition (Lembi, 2002; Terlizzi et al, 2002; Boylan & Morris 
2003). If the straw is applied in these large compact masses or to very sheltered area 
of water, there will be insufficient water movement through the straw, which will 
progressively become anaerobic (without oxygen). Under these conditions, only the 
surface layers of the straw will produce the chemical and so the majority of the straw 
would be remained ineffective. Application of barley and rice straws in loosely 
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sausage form explained before caused that experimental straws decomposed 
completely and so the biomass of algae were controlled faster than before stated. 
There have been a number of observations about improved growth, vigor and 
health of fish in waters treated by straw. One reason is likely to be the increased food 
supply such as invertebrates (Ausden & Hawkins, 2005). It is also easier to fish that 
find food in water bodies which aren’t densely colonized by unicellular or filamentous 
algae. Another explanation (that our results confirmed it) is higher light penetration to 
deeper levels of waters by algal inhibition. Thus, photosynthesis can occur in a greater 
volume of the water and so provide a recuperated environment for the fish. The results 
obtained from present study demonstrated that Secchi disc depth was increased in all 
barley and rice straw treatments. 
Our visual observations demonstrated that number of invertebrates such as 
Daphnia spp. obviously increased around the well oxygenated straw and provided a 
good habitat for them. These invertebrates, mostly detrital feeders, breed and grow 
rapidly in the safe environment created by the straws and their numbers can increase 
by several orders of magnitude within a few months (Camargo et al, 2005; Hagiwara 
et al, 2007). As the straw gradually rots away and the numbers of invertebrates 
increase, they will leave the safe straws and become prey by fish. Invertebrates are 
beneficial to water bodies as they help to decompose organic matter in the bottom, 
graze on algae and aquatic plants and form an important part of the food chain (Filella 
et al, 2008; Chaloner et al, 2009).There have been a number of anecdotal reports that 
incidents of some fish diseases and parasites appear to have been reduced in fish 
farms after straw application (Gibson et al, 1990; hUallach & Fenton, 2009). 
This is the first study that evaluates and compares the inhibitory activity of 
barley and rice straw treatments under field application. Some previous laboratory 
studies demonstrated the inhibitory responses of algae such as Microcystis and 
Scenedesmus to the presence of extract prepared by straw and hull of rice (Chung et 
al, 2007; Park et al, 2009). The laboratory results of present work were also confirmed 
the susceptibility of algae to the rice straw which is the major byproduct of milling 
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and represents approximately 20% of rough grain weight (Xuan et al, 2003). 
Nevertheless, when the Chl a concentration of barley straw treatments compared to 
the rice straw, it was be clear that barley straw works 2–fold more effective for longer 
period than rice straw. Therefore, barley straw should always be used in the 
preference. This suggests that kind of phenolics (e.g., there are many different 
structural varieties of lignin) or accompanying substances may be important. 
Rice straws, however, are readily available and inexpensive because most Asian 
countries, such as China, Korea and Iran produce rice as the staple food. On the other 
hand, barley production in these areas is negligible. It is likely that allelochemicals 
from rice hulls will have minimal adverse impacts on the environment because most 
allelochemicals released by plants are simply biodegraded (Gross, 2003; Gross et al, 
2007). Hence, application of rice straw to control of nuisance algae could be more 
effectual in the regions with vast rice field. The results of this study offer a new 
algicidal approach for controlling the toxic algae M. aeruginosa, especially the 
colonial type found under natural conditions. 
4.5. Conclusion 
This research and those reported previously (Gibson et al, 1990; Barrett & 
Newman, 1992; Ball et al, 2001; Barrett et al, 1996; Everall & Lees, 1996; Ghobrial et 
al, 2007; Murray et al, 2009) indicate that the use of barley and rice straw is an 
effective method to control of nuisance algae in freshwater systems. The main 
advantages of the barley and rice straws are their relatively cheap prices, effectiveness 
and, as far as is known, environmentally safety. 
Chemical algaecides such as copper sulfate are not used (from a practical 
standpoint) until heavy algal coverage has occurred, whereas barley and rice straws 
potentially can be used as a preventative approach due to their growth inhibitory 
effect. Large die–offs of algae caused by treatment with an algaecide can create 
dissolved oxygen voids, increases in toxic ammonia, and pH fluctuations. 
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Because algae can quickly reestablish in nutrient–rich waters after being killed 
with an algaecide, multiple treatments are needed each summer. This may involve 
great expense and labor. Regardless of the concentrations of growth–mediating 
nutrients in the water, algae may not reestablish for six months after applying a single 
straw treatment especially in the case of barley straw. If new straw is added before the 
old straw has lost efficacy, this growth suppression may be continued indefinitely. 
Nonetheless, Barley Straw is effective in the prohibition of new algae. Therefore, it is 
recommended to use barley and rice straw in spring before algae become dominant 
and cover the surface of water. 
Barley and rice straw should be placed in an oxygen–rich environment, such as 
near the surface or an inflow. Although the shallow edges of ponds are usually 
enhanced from dissolved oxygen during the day by the intense of photosynthetic 
vegetation, their oxygen level may become very low during the night respiration. In 
addition, dense plant populations may also impede with the movement and 
interstitial–exchange of the water, again consequently reducing oxygen, and perhaps 
also hindering the movement of straw’s leachate. Aerators in ponds would be very 
beneficial, as they would increase oxygen levels and spread the straw’s leachate 
throughout the pond. The aerator should be placed in the center of the pond, and some 
barley or rice packs have placed around the aerator. 
Barley and rice straws are helpful in the prohibition of new algae, but apparently 
not effective to control of existing algae. The inhibitors are deactivated by dirt, 
sludge, etc. Thus, in ponds with more of these substances, more straw is needed to get 
the same effect. 
Although Boesch et al. (1997) state that... “Efforts to find a “magic chemical 
bullet” that will somehow kill only a specific, targeted harmful bloom–forming 
species of algae may be futile, as it is difficult to imagine a unique physiological 
target for a chemical that is characteristic of only one phytoplankton species.” We 
believe that our findings about species–specific inhibition of algae may be a step in 
the direction of more targeted control. 
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It is proposed that not to apply barley and rice straw during prolonged periods of 
hot weather to waters containing dense algal blooms as the combined oxygen demand 
from the algal bloom and the straw could temporarily increase the risk of 
deoxygenation which may lead to loss of some fish. 
Straw works best if it is held near to the surface where water movement is 
greatest. This ensures that the chemical is produced close to where the majority of the 
algae are growing and away from the bottom mud which will inactivate the chemical. 
The following aspects should be considered when deciding where to place the straw 
within a water body. 
It is obvious from the present result that the efficiency of the barley and rice 
straws extracts depends on many factors and cannot be taken as a universal tool to be 
applied in all aquatic ecosystems affected by the development of algae or 
cyanobacteria. It is difficult to imagine that plant extracts will replace industrial 
algaecides used in reservoirs or dams, but they could be an alternative method for 
small lakes, ponds, or aquaria. Moreover, determination of effective compounds from 
experimental especially barley straw could lead to the development of synthetic 
analogs which may result in more effective utilization. Further studies should focus on 
phenolic compounds to identify the substances that are responsible for toxicity against 
algal species. 
The widely–reported success with barley straw as an algae control measure in 
Britain is contrasted with the mixed success reported in the USA. One possible cause 
of this discrepancy is differences in the barley varieties used or the conditions under 
which the crop is grown. Therefore, researches that consider the effectiveness of 
straws with several different barley or rice varieties or the conditions that straw was 
grown organically could help to suitable application of this method. 
Further field experiments are also necessary, because the algistatic effects of 
barley and rice straws seem to depend on conditions prevailing in the field, which are 
difficult or impossible to be predictable under laboratory application. Effects of the 
straw extracts against other non–target organisms, such as bacteria, other fishes, and 
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zooplankton species should be also tested to detect potential impacts on aquatic 
ecosystems. 
Finally, larger–scale experiments, probably first attempted in areas where 
localized effects could be most readily detected (e.g. small bays and reservoirs) will 
be necessary. Such experiments will not only establish whether algistatic effects can 
be demonstrated at this scale, but can also be used to work out the practical aspects of 
applying barley to treat large areas under the prevailing conditions. Generally, this 
investigation exhibit that barley straw could introduce a practical cost–effective and 
easy–to–use method to assist water managers and, potentially, aquaculture ventures 
for managing the occurrence of algal and cyanobacterial blooms in small freshwater 
basins. 
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  چكیده
ھاي جکو و بکرنج بکر رشکد تعکدادي  ر بررسي اثرات بازدارندگي عصاره كلشآزمایشي بھ منظو
ھکاي آزمایشکگاھي نشکان  نتایج بررسکي . ھاي مزاحم در منابع آب شیرین انجام پذیرفت از جلبك
 aneabanA، eauqa–sofl nonemozinahpA، asonigurea sitsycorciMھکاي  داد كھ رشد جلبك
در حضکککور عصکککاره كلکککش جکککو  airalutres noyrboniDو  iinesretep arunyS، eauqa–solf
 allenoiretsA، siunet airotallicsOكکاھش یافکت، درحالیكکھ ایکن عصکاره موجکب تحریکك رشکد 
بعلاوه عصاره كلش جو تکاثیر . گردید mutaluciter noytcidordyHو  .ps arygoripS، asomrof
 alucivaN و sutacipsbus sumsedenecS ،irelssek allerolhCداري بککککر رشککککد  معنککککي
  .نداشت asolucillep
 sitsycorciMاز سوي دیگر، حضور عصکاره كلکش بکرنج موجکب كکاھش رشکد  جلبكھکاي 
 ،iinesretep arunyS ، eauqa–solf aneabanA، eauqa–sofl nonemozinahpA ،asonigurea
 رشکد جلبکك و گردیکده asomrof allenoiretsA و siunet airotallicsO، airalutres noyrboniD
بکا ایکن وجکود ھکیچ . را تحریك نمود asolucillep alucivaNو  mutaluciter noytcidordyHھاي 
و  irelssek allerolhC ، .ps arygoripSرشد درداري از حضور عصاره كلش برنج  تاثیر معني
  .مشاھده نشد sutacipsbus sumsedenecS
 ainhpaDایشکي بکر رشکد و بقکاء ھکاي آزم  مطالعھ دیگري نیز تعیین اثکرات مخکرب كلکش 
نتکایج . ھاي غیرھکدف انجکام پکذیرفت  بھ عنوان گونھ xirtilom syhthcimlahthpopyHو  angam
ھاي آزمایشي در مقکادیري بکھ مراتکب بیشکتر از آنچکھ در مطالعکات  آزمایشات نشان داد كھ كلش
ھا استفاده شد، تاثیري بر رشد و بقاء آبزیان آزمایشکي  آزمایشگاھي و میداني براي كنترل جلبك
  .ندارد
ھکاي زراعکي بکر اجتماعکات جلبكکي در  ھاي میداني نیز براي مطالعھ تاثیر كلکش  بررسي
نتایج این مطالعھ بیانگر كاھش تراكم جلبكي ھمراه با . استخرھاي پرورε ماھي صورت گرفت
 ٠٠٨و  ٠٠۴)تحکت تکاثیر ھکر دو میکزان كلکش جکو ھا  تغییر غالبیت از سیانوباكترھا بھ دیاتومھ
در  aاین در حالي بود كھ میزان كلرفیکل . در مقایسھ با استخرھاي شاھد بود( كیلوگرم در ھكتار
مشابھ استخرھاي شاھد افزایش یافتھ ( كیلوگرم در ھكتار ٠٠٨و  ٠٠۴)ھر دو تیمار كلش برنج 
دھکد كکھ باقیمانکده محصکولات  ھکا نشکان مکي  نتکایج ایکن بررسکي . و تا شھریورماه ثابت باقي مانکد 
ھاي  ھاي مزاحم سیستم ھایي در كنترل جلبك ھاي جو و برنج داراي قابلیت زراعي نظیر كلش
با توجھ بھ تاثیر عوامل مختلف در موفقیت این روε، بعید است بتوان از . باشند آب شیرین مي
ھا و سیانوباكترھا استفاده  جلبك كلش جو و برنج بھ عنوان یك روε كلي و فراگیر براي كنترل
  .نمود
  جلبك، سیانوباكتر، كنترل، تجزیھ ھوازي، كلش جو، كلش برنج: كلمات كلیدي
